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OBJECTS. 


Tae AssocraTion contemplates no interference with the ground occupied by 
other Institutions. Its objects are,—To give a stronger impulse and a more 
systematic direction to scientific inquiry,—to promote the intercourse of those 
who cultivate Science in different parts of the British Empire, with one an- 
other, and with foreign philosophers,—to obtain a more general attention to 
the objects of Science, and a removal of any disadvantages of a public kind 
which impede its progress. 


RULES. 


ADMISSION OF MEMBERS AND ASSOCIATES. 


All Persons who have attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subscribing an obligation to con- 
form to its Rules. : | 

The Fellows and Members of Chartered Literary and Philosophical So- 
cieties publishing Transactions, in the British Empire, shall be entitled, in 
like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, of 
Philosophical Institutions, shall be entitled, in like manner, to become Mem- 
bers of the Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committee, shall be entitled, in like manner, to become Mem- 
bers of the Association. 

Persons not belonging to such Institutions shall be elected by the General 
Committee or Council, to become Life Members of the Association, Annual 
Subscribers, or Associates for the year, subject to the approval of a General 
Meeting. 

COMPOSITIONS, SUBSCRIPTIONS, AND PRIVILEGES. 

Lirz Mempens shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Reports of the Association which may be pub- 
lished after the date of such payment. They are eligible to all the offices 
of the Association. 

Awnuat Susscaimers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
gratuitously the Reports of the Association for the year of their admission 
and for thé years in which they continue to pay without intermission their 
Annual Subscription. By omitting to pay this Subscription in any particu- 
lar year, Members of this class (Annual Subscribers) lose for that and all 
Suture years the privilege of receiving the volumes of the Association gralts: 

1847. 
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but they may resume their Membership and other privileges: at any sub- 
sequent Meeting of the Association, paying on each such occasion the sum of 
One Pound. They are eligible to all the Offices of the Association. 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Reports of the Association, nor be 
eligible to serve on Committees, or to hold any office. 

The Association consists of the following classes :— 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on ad- 
mission Ten Pounds as a composition. 

8. Annual Members admitted from 1831 to 1839 inclusive, subject to the 
payment of One Pound annually. [May resume their Membership after in- 
termission of Annual Payment.] 

4. Annual Members admitted or to be admitted in any year since 1839, 
- subject to the payment of Two Pounds for the first year, and One Pound in 
each following year. [May resume their membership after intermission of 
Annual Payment. | 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 


And the Members and Associates will be entitled to receive the annual 
volume of Reports, gratis, or to purchase it at reduced (or Members’) price, 
according to the following specification, viz. :— 

1. Gratis.—Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, and Two Pounds as a Book Subscrip- 
tion. 

New Life Members who shall have paid Ten Pounds as a composition. 
Annual Members who have not intermitted their Annual Subscription. 

2. At reduced or Members’ Prices.—Old Life Members who have paid 
Five Pounds as a composition for Annual Payments, but no Book 
Subscription. 

Annual Members, who, having paid on admission Two Pounds, have 
intermitted their Annual Subscription in any subsequent year. 

Associates for the year. [Privilege confined to the volume for that 
year only. ] 

Subscriptions shall be received by the Treasurer or Secretaries. 


MEETINGS. 

The Association shall meet annually, for one week, or longer. The place 
of each Meeting shall be appointed by the General Committee at the pre- 
vious Meeting; and the Arrangements for it shall be entrusted to the Offi- 
cers of the Association. 

GENERAL COMMITTEE. 

The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons :— 

1. Presidents and Officers for the present and preceding years, with au- 
thors of Reports in the Transactions of the Association. 

2. Members who have communicated any Paper to a Philosophical Society, 
which has been printed in its Transactions, and which relates to sftch subjects 
as are taken into consideration at the Sectional Meetings of the Association. 

8. Office-bearers for the time being, or Delegates, altogether not exceed- 
“ag three in number, from any Philosophical Society publishing Transactions. 
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4, Office-bearers for the time being, or Delegates, not exceeding three, 
from Philosophical Institutions established in the place of Meeting, or in any 
place where the Association has formerly met. 

5. Foreigners and other individuals whose assistance is desired, and who 
are specially nominated in writing for the meeting of the year by the Presi- 
dent and General Secretaries. 

6. The Presidents, Vice-Presidents, and Secretaries of the Sections are er 
oficto members of the General Committee for the time being. 


SECTIONAL COMMITTEES. 


The General Committee shall appoint, at each Meeting, Committees, con- 
sisting severally of the Members most conversant with the several branches 
of Science, to advise together for the advancement thereof. 

The Committees shall report what subjects of investigation they would 
particularly recommend to be prosecuted during the ensuing year, and 
brought under consideration at the next Meeting. 

The Committees shall recommend Reports on the state and progress of 
particular Sciences, to be drawn up from time to time by competent persons, 
for the information of the Annual Meetings. 


COMMITTEE OF RECOMMENDATIONS. 


The General Committee shall appoint at each Meeting a Committee, which 
shall receive and consider the Recommendations of the Sectional Committees, 
and report to the General Committee the measures which they would advise 
to be adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, and Reports on Scientific Subjects, shall be submitted to the Com- 
mittee of Recommendations, and not taken into consideration by the General 
Committee, unless previously recommended by the Committee of Recommen- 

tions. 

LOCAL COMMITTEES. 

Local Committees shall be formed by the Officers of the Association to 
assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers these 
Members of the Association whose assistance they may desire. 


OFFICERS. 


A President, two or more Vice-Presidents, one or more Secretaries, and a 
Treasurer, shall be annually appointed by the General Committee. 


COUNCIL. 


In the intervals of the Meetings, the affairs of the Association shall be 
managed by a Council appvinted by the General Committee. The Council 
may also assemble for the despatch of business during the week of the 
Meeting. 

PAPERS AND COMMUNICATIONS. 

The Author of any paper or communication shall be at liberty to reserve 
his right of property therein. 

ACCOUNTS. 

The Accounts of the Association shall be audited annually, by Auditors 
appointed by the Meeting. 5 
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The General Treasurer in Account 


1847. 
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with the Government Grant. 
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SECTION A.—-MATHEMATICAL AND PHYSICAL SCIENCE. 
President.—Rev. Professor Powell, M.A., F.R.S., &c. 
Vice-Presidents.—J. Couch Adams, Esq. M.A. Rev. Professor Cooke, 
B.D. Sir David Brewster, F.R.S. Very Rev. The Dean of Ely, F.R.S. 
Rev. Professor Challis, F.R.A.S. 

Secretaries.—Professor Stevelly, LL.D. G.G. Stokes, Esq., M.A. Rev. 
B. Price, M.A. 


SECTION B.—CHEMICAL SCIENCE, INCLUDING ITS APPLICATION TO 
AGRICULTURE AND THE ARTS. 

President.—Rev. W. V. Harcourt, M.A., F.R.S. 

Vice-Presidents.—W. R. Grove, Esq., M.A., F.R.S. P. Pusey, Esq., M.P. 
(for the application of Chemistry to Agriculture and the Arts). Dr. Lyon 
Playfair, F.G.S. 

B ‘Secretaries.— Professor Solly, F.R.S. R. Hunt, Esq. B.C. Brodie, Esq, 


SECTION C.—GEOLOGY AND PHYSICAL GEOGRAPHY, 

President. —The Very Rev. Dr. Buckland, Dean of Westminster, &c. &c. 

Vice-Presidents.—Sir R. I. Murchison, G.C.S*S., F.R.S., &c. (for Geo- 
graphy). Charles Lyell, Esq., M.A., F.R.S. Sir H. T. De Ja Beche, F.R.S., 
Pres. GS, The Very Rev. Dr. Conybeare, Dean of Llandaff, F.R.S. Rev. 
Professor Sedgwick, M.A., F.RS. 

Secretaries.— Professor Ansted, M.A., F.R.S. Professor Oldham, F.G.S. 
A.C. Ramsay, Esq., F.G.S. J. Ruskin, Esq., M.A., F.G.S. 


SECTION D.—ZOOLOGY AND BOTANY®, 

President.—H. E. Strickland, Esq., M.A., F.G.S. 

Vice-Presidents.—Sir W. C. Trevelyan, Bart., F.G.S. P. B. Duncan, Esq. 
R. Brown, Esq., LL.D., F.R.S. Rev. Professor Henslow, F.L.S. Sir John 
Richardson, M.D., F.R.S. 

Secretaries.—Dr. Lankester, F.R.S. T. V. Wollaston, Esg., B.A. Dr. 


Melville. 
SUBSECTION OF ETHNOLOGY. 
President. —Professor H. H. Wilson, M.A. 
Vice-Presidents.—Sir Charles Malcolm. Dr. Prichard, F.R.S. Dr. 
Hodgkin. F.R.G.S. Dr. R. G. Latham. 
Secretary.—Professor Buckley, M.A. 


SECTION E.— PHYSIOLOGY ®. 
President.——Professor Ogle, M.D., F.R.S. 
Vice-Presidents.—Professor Owen, F.R.S. J. E. Gray, Esq., F.R.S. 
G. Newport, Esq., F.R.S. John Simon, Esgq., F.R.S. 
Secretaries.—Dr. Thomas K. Chambers. W. P. Ormerod, Esq. 


SECTION ¥.—STATISTICS. 
President.—Travers Twiss, D.C.L., F.R.S. 
Vice-Presidents —Sir Charles Lemon, Bart., F.R.S. Henry Hallam, Esq., 
F.R.S. Lieut.-Colonel Sykes, V.P.R.S. G. R. Porter, Esq., F.R.S. 
Secretaries. —J.J. Danson, Esq. F.G. P. Neison, Esq.,F.L.S. Rev. W. 
Hayward Cox, B.D. 


_ © By direction of the General Committee at Oxford, Sections D. and E. will be, in future 
incorporated under the name of the Section of Zoology and Botany, including Physiology. 
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SECTION G.— MECHANICS. 
President.— Rev. Professor Walker, M.A., F.R.S. 
Vece-Presidents.—Sir J. Rennie, F.R.S. John Scott Russell, Esq., M.A., 
F.R.S.E. Professor Hodgkinson, F.R.S. J. Taylor, Esq., F.R.S. 
Secretaries.—J. Glynn, Esq., F.R.S. R.A. Le Mesurier, Esq., B.A. 


CORRESPONDING MEMBERS. 


Professor Agassiz, Neufchatel. M. Arago, Paris. Dr. A. D. Bache, Phi- 
ladelphia. Professor Berzelius, Stockholm. Professor H. von Boguslawski, 
Breslau. Monsieur Boutigny d’Evreux, Paris. Professor Braschmann, Mos- 
cow. M. Dela Rive,Geneva. Professor Dove, Berlin. Professor Dumas, 
Paris. Professor Ehrenberg, Berlin. Dr. Eisenlohr, Carlsruhe. Professor 
Encke, Berlin. Dr. A. Erman, Berlin. Professor Forchhammer, Copen- | 
hagen. Professor Henry, Princeton, United States. Professor Kreil, Prague. 
M. Kupffer, St. Petersburg. Dr. Langberg, Christiania. Baron de Selys- 
Longchamps, Liége. M. Frisiant, Milan. Baron Alexander von Humboldt, 
Berlin. M. Jacobi, St. Petersburg. Professor Jacobi, Kénigsberg. Dr. La- 
mont, Munich. Baron von Liebig, Giessen. Professor Link, Berlin. Profes- 
sor Matteucci, Pisa. Professor von Middendorff, St. Petersburg. Dr. Cérsted, © 
Copenhagen. Chevalier Plana, Turin. M. Quetelet, Brussels. Professor | 
C. Ritter, Berlin. Professor H. Rose, Berlin. Professor Schumacher, — 
Altona. Baron Senftenberg, Bohemia. Dr. Svanberg, Stockholm. Baron — 
Sartorius von Waltershausen, Gotha. Professor Wartmann, Lausanne. | 


Report or THE PRocEEDINGs oF THE CoUNCIL IN 1846—47, PRESENTED TO THE 
GENERAL CommITTEE at Oxrorp, WEDNESDAY, JUNE 238, 1847. 


Report of the Council to the General Committee. 


1. With reference to the subjects on which the Council was requested by 
the General Committee at Southampton to make applications to Her Majesty's 
Government, the Council has to report that the following official replies have 
been received :— 

Ist. In respect to the publication of the meteorological observations 
made by the officers of the Irish Trigonometrical Survey at Mountjoy 
and the Pi House since the year 1834,—the Master-General and 
Board of Ordnance have informed the Council that the Lords of the 
Treasury have approved of a grant for that purpose being included 
in the estimates for 1848. 

2nd. In reply to the request of the British Association that a particular 
survey should be made of the parallel roads of Glen Roy,—Major- 
General Colby, Director of the Ordnance Trigonometrical Survey, 
has replied that it would delay the progress of the survey of Scotland 
to take up isolated positions ; but that he hopes that no essential 
inconvenience will be found to result from deferring the survey of 
the parallel roads until they come into regular course of progress. 
The survey will then give all the levels and other information which 
is known to be required, and thus answer the objects which the British 
Association has in view. 


2. The Council has to announce that the publication of the Star Cata- 
logues of Lalande and Lacaille, for which a grant of £1000 was placed by 
Government at the disposal of the British Association, has been completed, 
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and that copies will lie on the table of the General Committee when this 
report is presented. The Council, having requested the opinion of the Com- 
mittee for superintending the publication as to the best mode of distribution 
and sale of these catalogues, has received from Sir J. F. W. Herschel, Chair- 
man of the Committee, the following communication, and has adopted the 
recommendations contained therein. 

* Cambridge, Feb. 25, 1847. 

“ After mature consideration of the best mode of publication of the Cata- 
logues of Lalande and Lacaille, Mr. Stratford, the Astronomer Royal and 
inyself, are agreed that it will be the best course for the British Association 
to publish them in the usual manner, at a price of £1 1s. for the Catalogue 
of Lalande, and 5s. for that of Lacaille; and, not troubling the Govern- 
ment further on the subject than to report their readiness for publication, and 
the total absorption of the grant, to acknowledge the liberality of the aid 
given, and to inquire how many copies the Government would desire to have 
for official distribution beyond those hereafter mentioned for the public 
observatories, and to request their sanction for the disposal of the remainder 
at the reduced prices above named. 

** We are decided in recommending that copies should be presented to the 
British and East Indian public astronomical observatories, but that no dis- 
tribution should take place to private individuals beyond the press copies in 
sheets as printed off, which have passed into the hands of the Committee in 
the progress of the work for remark or correction. 

“J, F. W. Herscue..” 


“Public Astronomical Observatories to which Catalogues are proposed to be 
presented. 
“Royal Observatory Greenwich, Dublin, Edinburgh, Cape of Good Hope. 
Observatories of Cambridge, Oxford, Armagh, Glasgow, Liverpool, Durham. 
The H.E.I. Company's Observatories at Madras and Bombay.” 


S. The Council had added to the list of Corresponding Members of the 
British Association the names of the following gentlemen: —Mons. Boutigny 
d’Evreux, Dr. Eisenlohr, Prof. Forchhammer, Baron de Selys-Longchamps, 
Prof. Matteucci, Prof. von Middendorf, Prof. H. Rose, and Dr. Svanberg. 


4. Doubts having been expressed whether Swansea, from whence an invi- 
tation for the year 1848 was presented at Southampton, possesses sufficient 
accommodation to receive conveniently a meeting of the British Association, 
the Council requested Mr. Phillips to visit Swansea for the purpose of exa- 
mining and reporting on its means of public and private accommodation, and 
has received from him the following communication :— 

‘London, April 6, 1847. 

“The inquiry which you requested me to make, as to the accommodation 
which might be found in Swansea for a Meeting of the British Association, 
has been rendered comparatively easy, and capable of an accurate answer, 
by the excellent arrangement of Mr. Grove and the zealous assistance of his 
friends at Swansea. ‘The town had been, in fact, surveyed, and the views of 
the principal inhabitants and neighbouring residents ascertained, before my 
arrival there in the beginning of April. 

‘I was, in consequence, enabled, in a few days, to confirm entirely the 
expectations of Mr. Grove and his friends, that suitable accommodation for 
the public purposes of the Association could be found in the Royal Institu- 
tion, the Assembly Rooms, the Town Hall, Theatre, and certain large school- 
rooms ; and that the situation of these buildings is in general such as to 
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secure considerable compactness and facility of arrangement for the Meetings. 
On this part of the subject, then, I may report that the public accommodation 
offered in Swansea will be sufficient for a meeting consisting altogether of 
1000 persons. 

“ The extent of private accommodation which may be found in Swansea, 
for the individual comfort of non-resident members, depends far more on the 
feeling with which the inhabitants regard the Association, than on the number 
of houses or extent of population. The gentlemen already referred to have, 
in the course of their minute and systematic inquiries, ascertained this feeling 
to be very favourable, and have, in consequence, estimated that above two 
hundred persons may be referred to private hospitality in Swansea and the 
vicinity. 

*“* They further estimated, that in the different principal inns and lodging- 
houses, and in houses where, for the visit of the Association, beds may be 
furnished, more than 400 persons may be accommodated. 

‘From what I saw, these estimates appeared to be correct; they correspond 
to what may be called a moderate Meeting of the Association, such as that 
at Southampton. 

‘In the course of my survey some reflections occurred to me which it may, 
perhaps, be proper to express. 

“First. It may be remarked that a Meeting of the Association at Swansea 
would have been quite impracticable, but for the prior establishment and 
creditable support of the Royal Institution of South Wales, which is there in 
operation. This remark, which is in harmony with our previous experience, 
may have a prospective value. 

‘Secondly. Swansea is not so large a place, or so richly environed, as to 
be able to sustain a Meeting of the Association except by the strength of 
united public feeling. This feeling is at present undoubtedly strong, and 
in the right direction, and there is reason to believe that it will remain so. 

“ Thirdly. The access to Swansea, though easy enough, is still of the old- 
fashioned kind—the steam-boat and the mail-coach. Were the South Wales 
railroad completed, the facility of reaching the town, and the celebrity of 
the great establishments round it, might attract a much larger assemblage 
than can be reasonably expected under the present arrangements. But for 
a large Association-Meeting, the accommodations in Swansea are at present 
inadequate, and it is likely that they will remain so until some years after 
the opening of the railway. 

“Lastly. As furnishing some information to assist the Council in forming 
a decision on this subject, I add a short statement of the number of non-resi- 
dents who were present at some of the late Meetings of the Association,— 
including in this term all persons whose place of abode was not in the city 
or town where the Meeting was held, and who for the most part may be sup- 
posed to have required temporary accommodation. 

Non-Res. Non-Res. 
Plymouth (1841) ......410 | York (1844)....0+00..520 
Manchester (1842)......550 | Cambridge (1845) ....620 
Cork (1848) ....+.....-185 | Southampton (1846)....550 ” 

The Council feels much satisfaction in submitting Mr. Phillips’s statement 
to the General Committee. It will be seen, that should it be the pleasure of 
the Genera] Committee to accept the invitation for Swansea, there is no rea- 
son to doubt that the accommodation will be found sufficient. 


Ozford, June 23, 1847. 


RESEARCHES IN SCIENCE. XIX 


RECOMMENDATIONS ADOPTED BY THE GENERAL CoMMITTEE AT THE 
Oxrorp Megetina 1n June 1847. 


Involving Applications to Government and Public Institutions. 


That an application be made to the Lords Commissioners of the Admiralty, 
to appropriate a suitable vessel for the purpose of an investigation of the, 
Phenomena of the Tides. | 

at application be made to the Court of Directors of the Honourable 
Rast India Company, to carry into regular and continued operation the Tide 
Observations, which it is understood they have already ordered to be made ; 
and to direct the nature and extent of these observations to be reported to 
the British Association, with a view to their being discussed and reduced, 
and connected with any others which have been made or may be made in 
other seas. oo. 

The British Association feels deeply the great importance of instituting 
a direct comparison, or a comparison with as few intermediate steps as pos- 
sible, between the standards of length used in the survey of the great Russian 
and Swedish Arc of Meridian now in progress under the direction of Pro- 
fessor Struvé and the scientific men of Sweden and Norway, and that used 
in the survey of the great Indian Arc, under the authority of the Honour- 
able East India Company, by Lt. Col. Everest, of which an account has 
lately been published: and the Association, in the full confidence that every 
facility will be given by the Court of Directors for effecting this comparison, 
and that they will, if possible, consent to an arrangement by which the two 
Standards may be brought together, and thus directly compared, instructs the 
Council, that an application he made to the Honourable Court of Directors 
of the East India Company, to grant the needful facility for effecting this 
comparison. 

The General Committee, having had the satisfaction to receive amongst 
the eminent Foreign Guests of the British Association at Oxford, Professors 
Langberg and Esmark of Christiania, and Professor Nilsson of Stockholm, 
take this opportunity to request those gentlemen, to convey to the distin- 
guished Scientific Societies with which in their own countries they are re- 
spectively connected, the importance which the British Association attaches 

to the establishment, if it be possible, of a Magnetical and Meteorological 
Observatory in Finmarken, as a station where the pheenomena of those 
sciences could be most advantageously studied ; and also their hope, that 
the observations which have been carried on for some years past with such 
indefatigable zeal at Christiania may be continued, and that the observations 


may be published at as early a date as from circumstances may be found 
' Convenient. 


Recommendations not involving Grants of Money. 

That Mr. Ronalds and Mr. Robert Hunt be requested to continue the 
Experiments with the Actinograph at Kew. 

That Dr. Andrews of Belfast be requested to prepare a Report on the Heat 
developed in Chemical action. 

That Mr. Mallet be requested to continue his investigations on the cor- 
rosion of Iron Rails in and out of use. ; 

That Dr. Smith of Manchester be requested to report upon the chemical 
analysis of Air and Water of Populous ‘Towns. 
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That Mr. W. Thompson be requested to prepare a Supplementary Report 
on the Fauna of Ireland. 

That Mr. Robert Hunt be requested to prepare a Report on the state of 
knowledge of the Chemical Influence of the Solar Radiations. 

That the Committee for conducting Experiments with Captive Balloons be 
re-appointed, and to consist of the Rev. Dr. Robinson, Professor Wheatstone 
and Colonel Sabine. 

That the following Communications presented to this Meeting be printed 
at full length among the Reports to the Association: viz. 

On the relation which exists between contraction in volume and develop- 

ment of heat, in mixtures of Sulphuric Acid and Water, by Professor 
_  Langberg. 

On Ethnology, by Chevalier Bunsen. 

On the Original Inhabitants of Scandinavia, by Professor Nilsson. 

On the Mean Temperature of various places on the Globe, by Professor 

Dove. 

On the Turbine, by Mr. Glynn. 

That Sections D. and E. be incorporated under the name of the Section of 
Zoology and Botany, including Physiology. 

That the Council be authorized, if they shall think fit, to divide the publi- 
cation of the Transactions into two parts, to be published successively, at 
their discretion, in order to ensure an earlier delivery of such Papers as may 
be at once ready for publication. 

That copies of the Catalogues of Lalande and Lacaille be presented to 
M. Struvé, M. Leverrier, Mr. J.C. Adams, and the Rev. R. Sheepshanks. 


Recommendations of Special Researches in Science, involving Grants of 
Money. 
KEW OBSERVATORY. 
That the sum of €150 be placed at the disposal of the Council for the 
purpose of maintaining the establishment in Kew Observatory. 


MATHEMATICAL AND PHYSICAL SCIENCE. 


That a Paper, containing Suggestions on Observations of the Annular 
Eclipse, be printed and circulated, under the direction of Professer Powell ; 
and that a sum not exceeding £2 be granted for that purpose. 

That a sum of £3 10s. 9d. be placed at the disposal of Mr. Birt, to com- 
plete his Report on Atmospherical Waves. 


CHEMICAL SCIENCE. 


That Dr. Percy and Dr. Miller be requested to continue their researches 
on Crystalline Slags, with a renewal of the original grant of £20, not yet 
expended. 

That Dr. Schunck be requested to continue his researches on Colouring 
Matters used in the Arts, with the balance (£5) of the original grant of £10. 


GEOLOGY. 


That aCommittee, consisting of Sir H. T. De la Beche, Sir Wm. J. Hooker, 
Dr. Daubeny, Dr. J. D. Hooker, Mr. A. Henfrey, and Mr. R. Hunt, be re- 
quested to investigate the influence of Carbonic Acid on the growth of Plants 
allied to those found in the Coal-formation, with a grant of £20. 

That a Committee, consisting of Mr. R. Mallet, Mr. Wm. Hopkins, Pro- 
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fessor Oldham, and Professor Lloyd, be appointed for the purpose of con- 

structing a self-registering instrument for observing the Transit and Dimen- 

sions of Earthquake-waves, and for setting the same systematically at wérk 

at Dublin, or at such other station as may be desirable, with a grant of £50. 
ZOOLOGY AND BOTANY. 

That the Committee, consisting of Mr. Hugh E. Strickland, Dr. Daubeny, 
Professor Lindley and Professor Henslow, be requested to continue their 
experiments on the Vitality of Seeds, with a grant of £10. ; 

That Dr. Lankester, Professor Owen and Mr. Richard Taylor, be requested 
to continue the superintendence of the publication of tabular forms in refe- 
rence to the Periodical Phenomena of Animals and Vegetables, with a 
renewed grant of £10. 

That a Committee, consisting of Mr. Spence and Mr. T. V. Wollaston, be 
requested to aid Mr. G. Newport in preparing his Report (requested for last 
year) on the Scorpionidee and Tracheary Arachnide, with a grant of £10. 

That P-ofessor E. Forbes, Mr. Goodsir, Mr. Patterson, Mr. Thompson, 
Mr. Ball, Mr. J. Smith, Mr. Couch, Professor Allman, Mr. M‘Andrew, Mr. 
Alder, Mr. Hope and Captain Portlock, be requested to continue their inves- 
tigations into the Marine Zoology of Britain by means of the dredge, with a 
grant of £10. 

That Dr. Carpenter's Report on Microscopic Textures be illustrated by 
Plates, not exceeding twenty in number. 


Synopsis of Grants of Money appropriated to Scientific Objects by the 
General Committee at the Oxford Meeting, June 1847, with the 
Name of the Member, who, alone or as the First of a Committee, is 
entitled to draw for the Money. 

Kew Observatory. &£ «8 d. 

At the disposal of the Council for maintaining the establishment 

at the Kew Observatory ....ccceccccsceesecsccsess 150 0 0 
Mathematical and Physical Science. 

Powzx1, Prof.—Observation Papers for the Annular Eclipse.. 2 0 0 

Brar, W. R.— On Atmospheric Waves..........sceseeeeee 310 9 


Chemical Science. 


Percy, Dr.—On Crystalline Slags, &.......sscesccecseses 20 0 0 
Scouncx, Dr——On Colouring Matters .......eccecseccesse 5 0 O 
Geology. 

Dr xa Bucue, Sir H. T.—Influence of Carbonic Acid on Vege- 
tation of Plants, &c. @esevevneesupewvreeneeevenseeoseeeenpeener 20 0 0 
Matter, R.—Instrument for registering Earthquake Shocks. 50 0 0 

Natural History. 

Stricgtawp, H. E.—Vitality of Seeds......ssscceceeseess 10 0 O 

Laxxgster, Dr.—Periodical Phenomena of Animals and Vege- 
tables eees ee ee eeseerneevneseesevseeses ees etonvnesene 10 0 0 
Seexce, W.—Report on Scorpionide and Arachnide........ 10 0 0 
Forses, Prof, E.—Dredging Committee ....seeeeseeeeeeee 10 0 0 
Total of Grants .......+..£290 10 9 


Dr. Carpenter's Report on Microscopic Textures, to be illustrated by 
Plates, not exceeding Twenty in number. 
1847, c 
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Gefteral Statement of Sums which have been paid on Account of Grants for 


Scientific Purposes. 

1834, £ es. d. 
& « d, Brought forward 308 1 10 
Tide Discussions .... 20 0 0 | Railway Constants .... 41 12 10 
Bristol Tides ........ 50 O O 
1835. Growth of Plants .... 75 O O 
Tide Discussions .... 62 0 Oj] Mudin Rivers ...... 8 6 6 
BritishFossil Ichthyology 105 © 0 | Education Committee... 50 0 0 
£167. 0 © | Heart Experiments.... 5 3 0 
anne} Landand Sea Level .. 267 8 7 

1836. Subterranean Tempera- 

Tide Discussions .... 163 0 0O CUTE we cccencvccnne 8 6 0O 

BritishFossilIchthyology 105 0 0 | Steam-vessels ........ 100 0 0 

Thermometric Observa- Meteorological Commit- 
tions, &c......+665. 50 9 0 tee secececcnceeee S31 9 5 

Experiments on long- Thermometers ...... 16 4 9 
continued Heat .... 17 1 0 £956 12 2 

Rain Gauges ...... » 918 0 SEE! 

‘Refraction Experiments 15 0 0 1889. 
Lunar Nutation ...... 60 0 O | Fossil Ichthyology .... 110 0 0 
Thermometers ...... 15 6 © | Meteorological Observa- | 
£434 14 0 tions at Plymouth .. 63 10 0 
umaomemms | Mechanism of Waves.. 144 2 0 
1837. Bristol Tides ........ 385 18 6 

Tide Discussions...... 284 1 0 | Meteorology and Subter- 

Chemical Constants .. 2413 6 ranean Temperature. 21 11 0 

Lunar Nutation ...... 70 O O | VitrificationExperiments 9 4 7 

Observations on Waves. 100 12 0 | Cast Iron Experiments. 100 0 0 

Tides at Bristol ...... 150 0 0 | Railway Constants.... 28 7 2 

Meteorology and Subter- Land and Sea Level .. 274 1 4 
ranean Temperature . 89 5 0 | Steam+Vessels’ Engines. 100 0 0 

VitrificationExperiments 150 0 0 | Stars in Histoire Céleste 331 18 6 

Heart Experiments.... 8 4 6 | Starsin Lacaille...... 11 0 @ 

Barometric Observations 30 0 0 | StarsinR.A.S.Catalogue 6 16 6 

Barometers .......--+ 11 18 6 | Animal Secretions .... 1010 0 

£918 14 6 | Steam-engines in Corn- 
——— Wall ...ccccccccnce 50 (0 0 
1838. Atmospheric Air...... 16 1 0 

Tide Discussions..... - 29 O O | Cast and Wrought Iron, 40 0 0 

British Fossil Fishes .. 100 © 0 | Heat on Organic Bodies 3 0 0 

Meteorological Observa- Gases on Solar Spec- 
tions and Anemometer trum ..sccsaceses 22 0 0 
(construction) ...... 100 0 0 | Hourly Meteorological 

Cast Iron (strength of). 60 0 0 Observations, Inver- 

Animal and Vegetable ness and Kingussie.. 49 7 8 
Substances (preserva- Fossil Reptiles ...... 118 2 9 
tion of) ......++.. 19 1 10 | Mining Statistics...... 50 0 9 

Carried forward £308 1 10 £1595 11 0 
= 


J 
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£8. d. £s. d. 
1840. Brought forward 539 10 8 
Bristol Tides .......-. 100 © O | Fossil Reptiles ...... 50 0 90 
Subterranean Tempera- Foreign Memoirs .... 62 0 0 
UUFE ce encceseseeee 18 138 6 | Railway Sections .... 38 1 6 
Heart Experiments.... 18 19 0 | Forms of Vessels .... 193 12 0 
Lungs Experiments .. 8 13 0 | Meteorological Observa- 
Tide Discussions...,.. 50 0 0 tions at Plymouth .. 655 0 0 
Land and Sea Level .. 611 1 | MagneticalObservations 61 18 8 
Stars (Histoire Céleste) 242 10 0 | Fishes of the Old Red 
Stars (Lacaille) ...... 415 0 Sandstone ........ 100 0 0 
Stars (Catalogue) .... 264 0 0 | Tides at Leith........ 50 0 0 
Atmospheric Air...... 15 15 0 | Anemometer at Edin- 
Water on Iron........ 10 0 0 burgh .....+s50e04 69 1 10 
Heat on Organic Bodies 7 © O | Tabulating Observations 9 6 8 
Meteorological Observa- Races of Men......-. 5,0 0 
tions ...eceeeseee 5217 6 | Radiate Animals...... 2 0 0 


Foreign Scientific Me- £1285 10 11 
a 


moirs wccccccccnes 112 1 6 

Working Population .. 100 0 0 1842. 

School Statistics ...... 50 0 0 Dynamometric Instru- 

Forms of Vessels .... 184 7 0 ments .....- wooeee LIS 11 2 

Chemical and Electrical Anoplura Britannie .. 5212 0 

Phenomena........ 40 9 0 | Tides at Bristol ...... 59 8 0 
Meteorological Observa- Gases on Light ...... 8014 7 
tions at Plymouth .. 80 0 © | Chronometers........ 2617 6 
Magnetical Observations 185 13 9 | Marine Zoology ...... 1 5 O 
£1546 16 4 | British Fossil Mammalia 100 0 0 
————— | Statistics of Education.. 20 0 0 

Marine Steam-vessels’ 
1841. Engines .......... 28 0 0 

Observations on Waves. SO 0 0 | Stars (Histoire Céleste) 59 0 0 

Meteorologyand Subter- Stars (British Associa- 

ranean Temperature. 8 8 0 tion Catalogue of) .. 110 0 0 

Actinometers .....+.- 10 0 0 | Railway Sections...... 161 10 9 

Earthquake Shocks .. 17 7 0 | British Belemnites.... 50 0 0 

Acrid Poisons........ 6 O © | Fossil Reptiles (publica- 

Veins and Absorbents.. 3 0 0 tion of Report) .... 210 0 6 

Mud in Rivers........ 5 0 0 | Forms of Vessels...... 180 0 0 

Marine Zoology ...... 15 12 8 | Galvanic Experiments on 

Skeleton Maps ...... 20 0 0 Rocks .....eee05+. §& 8 6 

Mountain Barometers.. € 18 6 | Meteorological Experi- 

Stars (Histoire Céleste), 185 0 0 ments at Plymouth... 68 0 0 

Stars (Lacaille) ...... 79 5 O | Constant Indicator and 

Stars (Nomenciature of) 1719 6 Dynamometric Instru- 

Stars (Catalogue of) .. 40 0 0 MentS ..csseroreee 90 O O 
teronIron........ 50 0 0 | Forceof Wind...... --» 10 0 0 
teorological Observa- LightonGrowthofSeeds 8 0 9 
ions at Inverness .. 20 0 0 | Vital Statistics ...... 50 0 O 
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Extracts from Resolutions of the General Committee. 


Committees and individuals, to whom grants of money for scientific pur- 
poses have been entrusted, are required to present to each following meeting 
of the Association a Report of the progress which has been made ; witha 
statement of the sums which have been expended, and the balance which 
remains disposable on each grant. ; 

Grants of pecuniary aid for scientific purposes from the funds of the Asso- 
ciation expire at the ensuing meeting, unless it shall appear by a Report that 
the Recommendations have been acted on, or a continuation of them be ordered 
by the General Committee. 

In each Committee, the Member first named is the person entitled to call 
on the Treasurer, John Taylor, Esq., 2 Duke Street, Adelphi, London, for 
‘such portion of the sum granted as may from time to time be required. 

In grants of money to Committees, the Association does not contemplate 
the payment of personal expenses to the Members. 

In all cases where additional grants of money are made for the continua- 
tion of Researches at the cost of the Association, the sum named shall be 
deemed to include, as a part of the amount, the specified balance which may 
remain unpaid on the former grant for the same object. 


Evening Meetings. 


On Wednesday, June 23rd, at 3 p.m., in the Theatre, Oxford, the late 
President, Sir Roderick Impey Murchison, G.C.S“S., F.R.S., resigned his 
office to Sir Robert Harry Inglis, Bart., F.R.S., M.P. for the University of 
Oxford, who took the Chair at the General Meeting, and delivered an Ad- 
dress, for which see p. xxix. 

On Thursday, June 24th, at 8 p.w., in the Radcliffe Library, the Rev. 
Baden Powell, F.R.S., Savilian Professor of Geometry in the University of 
Oxford, delivered a Discourse on Shooting Stars. 

On Friday, June 25th, at 8 p.w., in the same room, Michael Faraday, 
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LL.D., F.R.S., Fullerian Professor in the Royal Institution, delivered a 
Discourse on Magnetic and Diamagnetie Phzenomena. 

On Monday, June 28th, at 8 P.M., in the same room, Hugh Edwin Strick- 
land, Esq., M.A., F.G.S., delivered a Discourse on the Dodo (Didus in- 
eptus), of which extinct Species of Bird certain portions are preserved in 
the Ashmolean Museum at Oxford. ° 

On Tuesday, June 29th, at 8 p.m., in the same room, a Microscopic 
Soirée was held, when objects selected for displaying the recent progress 
of microscopical research were submitted to the examination of the Members 
of the Association by M. Ehrenberg, Dr. Addison, Mr. J. S. Bowerbank, 
Dr. Carpenter, Mr. J. Darker, Mr. Hayley, Dr. Hooker and Professor Hyrtt. 
Preparations by Professor Rymer Jones, Mr. H. Lawson, Dr. Leeson, Mr. 
M.S. Legg, Mr. J. Peach, Mr. Andrew Ross, Mr. James Smith, Mr. Stowe, 
Mr. F. Symonds, Mr. G. H. K. Thwaites, Mr. C. M. Topping, Mr. N. B. 
Ward and Mr. C. Woodward. 

On Wednesday, June 30, at 3 P.M., in the Theatre, the concluding Gene- 
ral Meeting of the Association was held, when the Proceedings of the Gene- 
ral Committee, and the grants of money for scientific purposes were ex- 
plained to the Members. 

The Meeting was then adjourned to Swansea, on Wednesday, the 9th of 
August, 1848. 


ADDRESS 
BY 


Sir ROBERT HARRY INGLIS, Barr., D.C.L., M.P., 
P.RS., V.P.S.A.,, F.RAS, 


Trust. Brit. Mus.—Trust. Hunt. Mus. 


DELIVERED IN THE THEATRE OF THE UNIVERSITY oF OxrorD, JUNE 23, 1847. 


May it please you, Mr. Vice-Chancellor : --Sir Roderick Murchison ; Gentle- 
men of the British Association ;—When I consider the attainments of the 
distinguished person whom I succeed in this Chair, I might well shrink from 
a position which places me in any degree in comparison with him; and when 
I look back on the array of the most illustrious names in science of this age 
and nation, some of whom add hereditary and social rank to the eminence 
which they have acquired by their personal labours, and who have in succes- 
sion been your Presidents, I feel, far more strongly than I can express, the 
undeserved honour which was most unexpectedly conferred upon me when the 
Council desired to nominate me to my present position. ‘Though in early 
years, when I enjoyed more leisure, I took such interest as I could in some 
branches of natural philosophy and in chemistry; and though I look back 
to those opportunities with the most grateful recollection of their value and 
of the pleasure which I derived from them (it is my own fault if I did not 
derive profit, also, from Kidd in this place, and from Playfair and from Hope 
in Edinburgh), my occupations have, for the larger portion of my life, been 
such as to prevent my persevering in the pursuits which most of those before 
me have continued to follow to their own honour, among their fellow men, 
and to the benefit of dur common country. 

It has been the practice of former Presidents to address the first General 
Meeting of the Association on the progress of science during the preceding 
year, and on its state and prospects in the present. Sir Roderick Murchison, 
my eminent friend, who did honour to this Chair, took a comprehensive 
grasp of all the objects which this duty placed within his reach. When I 
read his Address, I felt, even more than before, my unfitness to follow him; 
but such as I am, you have selected me to succeed to his position and his 
duties ; and I shall endeavour to discharge my functions with as little dis- 
credit to your choice as may be in my power. Whatever may be good in 
the observations which follow this exordium, will be owing to my friends 
the Rev. Dr. Robinson, Prof. Owen, Mr. Robert Brown, and Colonel Sabine, 
Anxious as I am not to disgrace your judgement in placing me where I am, 
I am still more anxious not to assume a merit which does not belong to me ; 
and, therefore, uofeignedly begging you to attribute to the sources which I 
have pointed out whatever may in detail interest you in the continuation of 
my Address, I am content with the distinction of calling such men my per- 
sonal friends. 

I begin with Astroxomy.—The progress of astronomy during the past 
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year has been distinguished by a discovery the most remarkable, perhaps, 
ever made as the result of pure iptellect exercised before observation, and 
determining without observation the existence and force of a planet; which 
existence and which force were subsequently verified by observation. It had 
previously been considered as the great trial and triumph of Dynamical 
Science, to determine the disturbances caused by the mutual action of “ the 
stara in their courses,” even when their position and their orbits were fully 
known ; but it has been reserved for these days to reverse the process, and 
to investigate from the discordance actually observed, the existence and the 
place of the wondrous stranger which had been silently, since its creation, 
exerting this mysterious power. It was reserved for these days to track the 
path and to measure the force which the great Creator had given to this 
hitherto unknown orb among the myriads of the air. 

I am aware that Lalande, more than fifty years ago, on two nights—which, 
if he had pursued the object then first discovered, would have been well di- 
stinguished from the rest of the year, and would have added new glory to 
his own name—did observe what is now fully ascertained to have been tke 
planet Neptune; but though Uranus had just been added to those bright 
orbs which to mortal eyes, for more than 2000 years, have been known to 
circle around our sun, we are bound to recollect, that Lalande was making 
these observations before Piaazi, Olbers, and Harding had added Ceres, 
Pallas, Juno and Vesta to that number, and before by those discoveries it 
was proved, not only that the planets of our system had passed the mystuc 
number of seven—since Herschel had conftted that ancient belief—but that 
others might also remain to reward the patient labours of other observers. 
He therefore distrusted his own eyes; and preferred to believe that he had 
been mistaken, rather than that the existence of another new planet had 
been reserved for the discovery of this latter age. What his eyes saw, but 
what his judgement failed to discriminate and apply, has since become a 
recognized fact in science. 

I will not presume to measure the claims of the two illustrious names of 
Leverrier and Adams; of him, in our own country, who, in midnight work- 
ings and watchings, was the first to predict the place of an unseen planet, and of 
the hardly happier philosopher, who, in Gon’s providence, was permitted and 
enabled to be the first, after equal workings and watchings, to predict and to 
proclaim the great reality which his science had prepared and agsured him to 
expect. I will trust myself with only two observations ; the one, my earnest 
hope that the rivalry not merely of the illustrious Leverriey and of my illus- 
trious countryman Adams, but of the two great nations which they represent, 
France and England, may always be confined to pursuits in which victory 18 
without woe, and to studies which enlarge and elevate the mind, and which, 
if rightly directed, may produce ‘alike glory to Gop and good to mankind: 
and the other, my equal hope, that for those (some of whom I trust may 
now hear me) who employ the same scientific training, and the same la- 
borious industry, which have marked the researches of Leverrier and Adams, 
there may still remain similar triumphs in the yet unpenetrated regions of 
space; and that—unlike the greater son of a great father—they may not 
have to mourn that there are no more worlds to be conquered. 

It is deserving of notice that the recognitionof the planet Neptune at Berlin, 
even on the first night of the research, was effected by means of one of the 
star-maps which had proceeded from an Association of astronomers chiefly 
Germans ; such maps form in themselves a sufficient illustration of the value 
of such Associations as our own, by which the labour and the expense—too 
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great, perhaps, for any one individual—are supplied by the combined exer- 
tions of many kindred followers of science. 

It is another result of the circulation of these star-maps, that a new visitor, 
a comet, can hardly be within the range of a telescope for a few hours with- 
out bis presence being discovered and announced through Europe. Those 
comets which have been of Jarger apparent dimensions, or which have con- 
tinued longer within view, have, indeed, for more than 2000 years been 
observed with more or less accuracy; their orbits have been calculated; 
and the return of some has been determined with a precision which in past 
ages exercised the wonder of nations; but now, improved maps of the heavens, 
and improved instruments by which the strangers who pass along thase hea- 
vens are observed, carry knowledge where conjecture lately dared not to 
penetrate. It is not that more comets exist, as has sometimes been said, but 
more are observed. 

An Englishman—a subject of this United Kingdom—cannot refer to the 
enlarged means of astronomical observation enjoyed by the present age 
without some allusion to the noble Earl, Lord Rosse, one of the Vice-Pre- 
sidents of this meeting, who, himself educated amongst us here in Oxford, has 
devoted large means and untiring labour to the completion of the most won- 
derful telescope which science, art, and wealth have ever yet combined to 
perfect; and which the Dean of Ely—-a man worthy to praise the work— 
pronounced to be a rare combination of mechanical, chemical, and mathema- 
tical skill and knowledge. Its actual operations have been suspended by a 
cause not less honourable toa Lord Rosse in another character than the con- 
ception and early progress of his great instrument were to him as a man of 
science. They have been retarded, so far as he himself is concerned, by the 
more immediate, and, I will say, higher duties which, as a magistrate, as a 
landowner, and as a Christian gentleman, he owed, and has been paying to 
his neighbours, his tenantry, and his country, during the late aweful visitation 
which has afflicted Ireland. Yet perhaps my noble friend will permit me to 
say, that while we not only do not blame him—we even praise him cordial] 
for having devoted his time, his mind, and his wealth to those claims whic 
could not be postponed, since they affected the lives of those who in Gon’s 
providence surrounded him—there were, and there are, others, two, at least, 
in his own country, and one his most illustrious friend, Dr. Robinson (but I 
speak without any communication on the subject from that great observer 
and greater philosopher), who might have carried on the observations with 
this wonderful telescope, and might thus have obtained for his own division 
of the empire, if not the discovery of the new planet, at least the first assured 
knowledge of its form and of its satellites. 

The Catalogues of Lacaille and of the Histoire Céleste are now before the 
world ; and with the Catalogue of our Association constitute a series of mast 
important gifts conferred on astronomy. I have already said that I will not 

resume to measure the relative merits of two eminent individuals; it is as 
Eile within my power to measure the value of such gifts to science. That 
value can be duly appreciated by none but the great masters of this, the 
greatest of the sciences: but I may be permitted to add, that here, also, come 
into beneficial action the powers and the uses of such an Association ; which, 
rising above the mere calculations of pecuniary profit, provides for the few, 
who only are capable of extracting the just benefit from such works, those 
materials of advancing knowledge which are beyond the reach of individuals. 

The Astronomer Royal has done me the honour and the kindness, by a 
peper which I have just received from him, to make me the vehicle of com- 
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municating his wisdom to you on a most important and interesting discovery 
of the past year: — 

‘In the lunar theory a very important step has been made in the course 
of the past year. When, near the heginning of the present century, a con- 
siderable number of the Greenwich lunar observations were reduced by Birg 
for the purpose of obtaining elements for the construction of his Lunar 
Tables, and generally for the comparison of the moon's observed place with 
Laplace’s theory, it was found impossible to reconcile the theoretical with 
the observed places, except by the assumption that some slowly varying error 
affected the epoch of the moon’s mean latitude. From the nature of the 
process by which the errors of the elements are found, the conclusion upon 
the existence of this peculiar error is Jess subject to doubt than that upon 
any other error. So certain did it appear, that Laplace devoted to it one 
entire chapter in the Mécantque Céleste, with the title ‘On an inequality of 
Jong period by which the moon’s mean motion appears to be affected.’ Guided 
by the general analogy of terms producing inequalities of long period, he 
suggested as its probable cause an inequality whose argument depends upon 
a complicated combination of the longitude of the earth’s perihelion, the lon- 
gitude of the moon’s perigee, the longitude of the moon’s node, and the 
moon’s angular distance from the sun. But he made no attempt to calculate 
its theoretical effect. He also suggested an inequality depending on a pos- 
sible difference in the northern and southern hemispheres of the earth. Many 
years elapsed before these suggested theoretical inequalities were carefully 
examined by physical astronomers. At length the introduction of new 
methods enabled Poisson and Lubbock successfully to enter upon the inves- 
tigation of the theoretical values; and they proved that inequalities depend- 
ing on the arguments suggested by Laplace could not have sensible values. 
The theory was now left in greater doubt than ever ; and suspicion fell even 
on the accuracy of the reductions of the observations. 

‘* A few years since, as is wel] known to members of the British Association, 
the British Government, at the representation of the Association, sanctioned 
the complete reduction, on an uniform plan, of all the observations of the 
moon made at the Royal Observatory of Greenwich since the year 1750: 
and the immediate superintendence of this work was undertaken by the As- 
tronomer Royal. The reductions are now printing in all necessary detail ; 
and the press-work is at this time very far advanced. In the last summer 
the corrections of the elements of the moon’s orbit were generally obtained ; 
and the errors of epoch in particular at different times were found with great 
accuracy. These results confirmed thosé of Biirg, and extended the law of 
the inequality to a much later time. In this state they were exhibited by 
the Astronomer Royal to Prof. Hansen of Gotha, who was known to be en- 
gaged inthe Lunar Theory. Prof. Hansen immediately undertook a search 
for their theoretical causes. His perfect knowledge of the state of the ex- 
isting theories enabled him at once to single out the class of disturbances 
produced by the action of the planets as that in which the explanation of 
this inequality would probably be found. In the course of a systematic 
search, many inequalities of long period were found; but none of sensible 
magnitude. At length two were found, both produced by the disturbing 
force of Venus, of a magnitude entirely unexpected. One depends upon the 
circumstance that eighteen times the mean anomaly of Venus diminished by 
sixteen times the mean anomaly of the Earth, increases at very nearly the 
same rate as the mean anomaly of the Moon: its coefficient is 27” and its 
period 273 years. The other depends upon the circumstance, that eight 
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times the mean anomaly of Venus increases at very nearly the same rate as 
thirteen times the mean anomaly of the Earth: its coefficient is 23” and its 
period 289 years. The combination of these two explains almost perfectly 
the error of epoch, which had so long been a subject of difficulty. The 
discovery of these two inequalities, whether we regard the peculiarity of 
their laws, the labour expended upon the investigations, or the perfect suc- 
cess of their results, must be regarded as the most important step made in 
physical astronomy for many years.” 

The doctrine of the influence of the moon and of the sun on the tides was 
no sooner established than it became eminently probable that an influence 
exerted so strongly upon a fluid so heavy as water, could not but have the 
lighter and all but imponderable fluid of air under its grasp. I speak not of 
the influence attributed to the moon in the popular language and belief of 
nations ancient and modern—of Western Europe and of Central Asia, in re- 
spect to disease ; but of the direct and measurable influence of the attractions 
of the moon and of the sun upon the air. It is now clear, as the result of the 
observations at St. Helena by my friend Col. Sabine, that, as on the waters, 
so on the atmosphere, there is a corresponding influence exerted by the same 
causes. There are tides in the air as in the sea; the extent is of course de- 
terminable only by the most careful observations with the most delicate in- 
struments; since the minuteness of the effect, both in itself and in compari- 
son with the disturbances which are occasioned in the equilibrium of the at- 
mosphere from other causes, must always present great difficulty in the way 
of ascertaining the truth—and had, indeed, till Col. Sabine’s researches, pre- 
vented any decisive testimony of the fact being obtained by direct observa- 
tion. But the hourly observations of the barometer made for some years past 
at the Meteorological and Magnetical Observatory at St. Helena, have now 
placed beyond a doubt the existence of a lunar atmospheric tide. It appears 
that in each day the barometer at St. Helena stands, on an average, four- 
thousandths of an inch higher at the two periods when the moon is on the 
Meridian above or below the pole, than when she is six hours distant from 
the meridian on either side; the progression between this maximum and 
Minimum being moreover continuous and uninterrupted; thus furnishing a 
new element in the attainment of physical truth; and, to quote the expres- 
sion of a distinguished foreigner* now present, which he uttered in my own 
house when the subject was mentioned, “‘ We are thus making astronomical 
observations with the barometer ;” that is, we are reasoning from the position 
of the mercury in a barometer, which we can touch, as to the position of the 
heavenly bodies, which, unseen by us, are influencing its visible fall and rise. 
“It is no exaggeration to say, —and here I use the words of my friend, the 
Rev. Dr. Robinson,—‘“ that we could even, if our satellite were incapable of 
reflecting light, have determined its existence, nay, more, have approximated 
(o its excentricity and period.” 

Amongst the phenomena which the magnetic state of our globe presents, 
there are none perhaps which, when their laws should be correctly known, 
appeared more likely to show some physical connection which should con- 
duct to their physical causes, than the class of phenomena known by the 
name of the ‘‘ periodical variations of the magnetic elements.” Of these, 
the earliest known were the changes in direction which a magnet suspended 
horizontally undergoes at different hours of the day; and which had been 
ascertained to differ widely both in amount and in the hours of their occur- 
rence in different parts of the earth. To extend and systematise a know- 

* Professor Langberg, of Christiania. 
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ledge of facts is the first process of philosophical induction; and the col- 
lection ‘and arrangement of the facts connected with this subject formed - 
consequently one of the objects contemplated by the establishment of the 
British Colonial Observatories. The solution of the problem with which 
these facts are connected has, to a great degree at least, been accomplished 
in the past year, by an examination and discussion of the phenomena as they 
presented themselves at the widely-separated stations of Toronto, St. Helena, 
the Cape of Good Hope, and Van Diemen’s Land: The connectiog of the 
diurnal variation of the magnetic declination, with the sun's position in re- 
gard to the terrestrial equator, has thus been manifested: the epoch of the 
sun’s passage of the equator is found to be also the epoch of an almost 
immediate augmentation of the magnetic movements in the hemisphere to 
which he is passing, and of a diminution of those movements in the hemi- 
sphere from which he is receding ; whilst on the confines of the respective 
hemispheres, the epoch is still more strikingly marked by a singular inversal 
of the order and direction of the movement, which, whilst the sun is in the 
northern signs, corresponds to the direction followed by the magnet in the 
northern hemisphere ; and, when the sun is in the southern signs, corres 
sponds to the direction followed by the magnet in the southern hemisphere. 
It may be confidently anticipated, that, in the present rapidly-advancing state 
of magnetical science, the reason of this connection will ere long receive an 
explanation ; and that a discovery of the mode in which the effect is pro- 
duced will follow closely on a knowledge of the facts. 

In reference to this subject, I should not omit to notice the increased pro- 
bability which the facts, now brought to our knowledge, have incidentally 
given to the opinion, that the line of least intensity of the magnetic force is 
the physical line of separation on the surface of the globe between the 
northern and southern magnetic hemispheres ; for it is this line which appears 
to separate the opposite phenomena of the diurnal changes which characterise 
those hemispheres respectively. 

I have considered that these brief notices of accessions to our physical 
knowledge, obtained by researches which in later years are mainly due to 
the exertions and perseverance of the British Association, will not be deemed 
misplaced. Every passing year gives new proof of their importance. If 
they had produced no other fruits than those which were first expected and 
desired, namely, a clear and exact knowledge of the distribution of terrestrial 
magnetism ; if they had proved nothing except the grand principle of the 
independence of the gaseous and vaporous envelopes of our globe; or than 
the recognition of those wave-like propagations of magnetic disturbance over 
wide tracts of continent and ocean, we should still have felt ourselves repaid. 
But each year gives us something new ; and few perhaps have given us re- 
sults more curious or more suggestive than the last. 

I am unwilling to quit these subjects, and especially this notiee of the 
progress of magnetical science, which, with the exception of the last para- 
graph, I owe to my eminent friend Col. Sabine, without expressing my deep 
sense of the services rendered to science by his patient, laborious and un- 
obtrusive observations and researches. Those researches and observations 
in meteorology, and, above all, in magnetism, in connection with different 
and very distant points of the earth, were undertaken, some of them, before 
public attention was so generally called to the subject as it has been in later 
years (since the importance of such investigation was, by the British Asso- 
ciation, urged upon the government at home), and were undertaken at great 
sacrifice of domestic comfort, and at a risk of life, not in the ordinary duties 
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of his noble profession, but in the pursuit of science for its own sake,— 
science one year at the North Pole, and the next, I think, in Sierra Leone. 
The reputation thus acquired does not come quickly, but it comes surely, 
and will survive permanently ; and the reputation of the individual adds to 
the reputation of his country. | 

I bardly know why, on this division of my subject more than on any other, 
I should recall to the notice of the meeting the Address of that master-mind, 
Dr. Robinson of Armagh, to the Monaghan Society; an address delivered 
to 2 provincial body in ireland, which ought to be spread over the whole eme 
pire :—but as I read it with the deepest interest, as it is far too little known, 
and as I owe much to Dr. Robinson for the assistance which he has now en- 
trusted to me, I am unwilling to omit this tribute of respect and gratitude. 

In concluding this sketch of the progress and state of Astronomy, pardon 
me if I here quote a passage, which has been a favourite with me for thirty 
years, and which I always desire to apply as a lesson first to myself—and 
perhaps, though with great deference, as a lesson to others also. It is taken 
from a great master of the English language in the best age of English lite- 
rature, Henry Peacham. He is referring, in substance, to the parallax of 
the fixed stars, and his illustration is to this effect:—If from two points of 
the earth’s surface the same star appears of the same bigness, how great 
must be that star—how inconsiderable, the earth !—His conclusion is strength- 
ened by discoveries unknown im his age: and I may extend his truth and 
supply the figures which make it more striking. If at two extremities of 
the earth’s orbit (between which extremities not less than 180,000,000 of 
miles intervene) there is no parallax, or the smallest measurable, between 
the position of a star seen from one extremity and the position of the same 
star seen from the other extremity, in reference to one other star or to all 
other stars, how great must be the distance and the size of the stars—-how 
inconsiderable, the earth! But Peacham’s application of the truth known 
in his own days I give in his own words :— 

“If the earth were of any quantitie in respect of the higher orbes, the 
starres should seeme bigger or lesse in regard of those hypsomata (altitudes) 
or the climes; but it is certaine that at the selfesame time sundrie astrono- 
mers finde the same bignesse and elevation of the selfesame starre observed 
by their calculation to differ no whit at all; whereby we may see, if that 
distance of place which is on the earth (in respect-of the heavenly orbes) ¢x- 
ceedeth all sence, it followes that the earth (poore little point as it is) seemes 
the like, if it be compared with heaven: yet this is that point which, with 
fire and sword, is divided among so many nations, the matter of our glorie, 
our seate; heeré we have our honours, our armies, our commands; heere 
we heape up riches, at perpetual warre and strife among ourselves, who (like 
the toad) shal fall asleepe with most earth in his pawes; never thinking how 
of a moment of time well spent upon this poore plot or dung-hill, common 
to beasts as well as ourselves, dependeth eternitie, and the fruition of our 
true happinesse in the presence of heaven, and court of the King of Kings 
for ever and ever ®,” 

"The extensive and diversified field of Puysrotocy presents so many objects 
of nearly equal interest, as to make it difficult, in a rapid sketch like the 
present—and above all for one like me,—to select those which may least 
unworthily occupy the attention of the Association. 

In Physiology, the most remarkable of the discoveries, or rather improves 


* Peacham’s Compleat Gentleman, 1622, p. 70. He refers to Augustine: we might quote 
Seneca,‘ Istudne est punctum, quod inter tot gentes,” &c. 
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ments of previous discoveries, which the past year has seen, is, perhaps, that 
connected with the labours of the distinguished Tuscan philosopher, Mat- 
teucci; who on several former occasions has co-operated with this Associa- 
tion in the sections devoted to the advancement of the physical and physio- 
logical sciences. I refer in this instance to his experiments on the genera- 
tion of electric currents by muscular contraction in the living body. This 
subject he has continued to pursue; and, by the happy combination of the 
rigorous methods of physical experiment with the ordinary course of phy- 
siological research, Prof. Matteucci has fully established the important fact 
of the existence of an electrical current—feeble, indeed, and such as could 
only be made manifest by his own delicate galvanoscope—between the deep 
and the superficial parts of a muscle. Such electric currents pervade every 
muscle in every species of animal which has been the subject of experi- 
ment; and may, therefore, be inferred to be a general pheenomenon of ani- 
mal life. Even after life has been extinguished by violence, these currents 
continue for a short time; but they cease more speedily in the muscles of 
the warm-blooded than in those of the cold-blooded animals. The Asso- 
ciation will find his own exposition of the physiological action of the electric 
current in his work ‘ Lecons sur les Phénoménes Physiques des Corps Vi- 
vants, 1847. 

The delicate experiments of Matteucci on the Torpedo agree with those 
made by our own Faraday (whom I may call doubly our own in this place, 
where he is a Doctor of our University) upon the Gymnotus electricus, in 
proving that the shocks communicated by those fishes are due to electric 
currents generated by peculiar electric organs, which owe their most imme- 
diate and powerful stimulus to the action of the nervee. In both these species 
of fishes the electricity generated by the action of their peculiar organized 
batteries—besides its benumbing and stunning effects on living animals,— 
renders the needle magnetic, decomposes chemical compounds, emits the 
spark, and, in short, exercises all the other known powers of the ordinary 
electricity developed in inorganic matter or by the artificial apparatus of the 
Jaboratory. 

Etherization, a kindred. subject,—one to which deep and just import- 
ance is now attached,—may not unfitly follow the mention of Prof. Mat- 
teucci’s investigations. 

It is the subject of the influence of the vapour of ether on the human frame 
—a discovery of the last year, and one the value of which in diminishing 
human pain has been experienced in countless instances, in every variety of 
disease, and especially during the performance of trying and often agonizing 
operations. Several experiments on the tracts and nerve roots appropriated 
respectively to the functions of sensation and volition have been resumed 
and repeated in connexion with this new agency on the nervous system. 
Messrs. Flourens and Longet have shown that the sensational functions are 
first affected, and are completely, though temporarily, suspended under the 
operation of the vapour of ether; then the mental or cerebral powers; and, 
finally, the motor and excito-motor forces are abrogated. It would seem 
that the stimulus of ether applied so largely or continuously as to produce 
this last effect is full of danger—and that weak constitutions are sometimes 
unable to rally and recover from it; but that when the influence is allowed to 
extend no further than tu the suspension of sensation, the recovery is, as a 
general rule, complete. It is this remarkable property of ether which has led 
to its recent application with such success, as may well lead us to thank Gop, 
who, in His Providence, has directed the eminent physicians and surgeons 
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amongst our brethren in the United States to make this discovery,—a dis- 
covery which will long place the name of Dr. Charles J. Jackson, its author, 
among the benefactors of our common nature. 

At the same time, much careful observation on the modus operand: of this 
most singular agent seems still requisite before a general, systematic, safe, 
and successful application of it can be established for the relief of our suffer- 
ing nature. So great, however, is the number of well-recorded instances of 
its having saved the patient from the pain of a surgical operation without 
any ill effect in reference to his subsequent recovery, as to make the subject 
of the influence of the vapour of ether upon the nervous system, and the 
modification of that influence on different temperaments, one eminently de- 
serving the attention of the Physiological Section of the British Association. 

With regard to the functions of the primary division and parts of the brain 
itself, there has been of late a happy tendency to substitute observations on 
the modifications of those parts in the series of the lower animals in the place 
of experimental mutilations on a single species, in reference to the advance- 
ment of cerebral physiology. Experiment is, no doubt, in some instances, 
indispensable: but we ought ever to rejoice when the same end is attained 
by comparative anatomy rather than by experimental vivisections; and every 
true philosopher will concur with my most eminent friend, Professor Owen, 
in his doubt (I quote his own words), ‘whether nature ever answers so truly 
when put to the torture as she does when speaking voluntarily through her 
own experiments, if we may so call the ablation and addition of parts which 
comperative anatomy offers to our contemplation *.” 

I was always struck with that passage in the ‘ Life of Sir W. Jones,’ in 
which that great man, who united so many claims to the admiration of man- 
kind, declined to accept the offer of a friend to collect, and in collecting to 
put to death, a number of insects in the Eastern Islands, to be transmitted to 
Calcutta. He did not, of course, deny the value and importance, and, in 
one sense, the necessity, of forming such collections: but he limited the 
right of possessing them to those who could use them; and he would not 
have one of those, the wonders of Gonp's animal world, put to death for the 
mere gratification of his own unscientific curiosity. He quotes the lines of 
Ferdusi, for which Saadi invokes a blessing on his spirit, and the last of 
which contains all my own morality in respect of the lower animals,— 

‘) spare yon emmet, rich in hoarded grain : 
He lives with pleasure, and he dies with pain. 


I am aware that the doctrine assumed in the first line of the couplet in refer- 
ence to the particular insect is denied by some naturalists; and that the fact 
assumed in the last line, in reference to the lower animals, is denied by others. 
Whatever be the truth as to the first point, I have no more doubt than I have 
of my own existence that some of the lower animals feel severe pain: and 
even if the words of our immortal Shakspeare as to the corporal sufferance 
of the beetle trod upon be not literally accurate—yet who is entitled to affirm 
the contrary ?—this, I think, is clear, that the child who is indulged in mu- 
tilating or killing an insect for his own pleasure has learnt the first lesson of 
mbumanity to his own species. 

To revert, however, to the principle on which true results may be ob- 
tained from the observed variations of organs in the animal series, it is in 
the first place essential (I speak on the authority of Professor Owen, and, 
of course, not on my own) to determine the parts which truly answer to 


* Owen’s Hunterian Lectures, Vertebrata, p. 187. 
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those the functions of which it is the object of the comparative anatomist to 
elucidate. An elaborate and valuable contribution with this aim was com- 
municated by Dr. Carpenter to the Physiological Section of this Association, 
at its meeting at Southampton; having for its subject the homologies and 
functions of the parts of the encephalon. 

It is needless to dwell on the obvious necessity of the knowledge of the 
essential nature,—signified by the true definition and name—of each part of 
the animal series, in order to ensure correct reasoning on the physiological 
import of the varieties of such part in the lower animals. The British As- 
sociation has already manifested its appreciation of the value and necessity of 
this preliminary step in comparative physiology by calling for the Report on 
the homologies of the vertebrate skeleton; and that Report, just published, 
is itself the best evidence of the importance of the subject, and a model of 
the mode in which it should be treated, and in which, happily for this Asso- 
ciation, it has been treated by the Cuvier of England, Professor Owen. 

In no department of the science of organized bodies has the progress been 
greater or more assured than in that which relates to the microscopic struc- 
ture of the constituent tissues of animal bodies, both in their healthy and in 
their morbid states; and this progress is specially marked in this country 
during the period which has elapsed since the communication to the British 
Association by Professor Owen of his researches into the intimate structure 
of recent and fossil teeth. 

The result of these researches having demonstrated the constancy of well- 
defined and clearly appreciable characters in the dental tissues of each spe- 
cies of animal, (by which characters such species could be determined, 10 
many instances, hy the examination of a fragment of a tooth,) other ob- 
servers have been stimulated to pursue the same minute inquiries into the 
diversities of structure of the tissues of other organs. Such inquiries, for 
example, have been most ably and successfully pursued by Dr. Carpenter 
in reference to the microscopic structure of recent and fossil shells; and the 
anatomist, the naturalist, and the palzontologist are alike indebted to the 
zeal and the skill of that eminent physiologist: while, in another sense, all 
are indebted to the British Association for aiding and stimulating his inqut 
ries, and for the illustrations with which the publication of Dr. Carpenter's 
Report has been accompanied in the Transactions of the Association. 

The Aairs of the different mammalian animals offer to the microscopical 
anatomist a field of observation as richly and remarkably developed as the 
teeth, which formed the subject of Professor Owen’s communication in 1838, 
and as the external coverings of the testaceous mollusca, which formed the 
subject of Dr. Carpenter's communication in 1846. 

The structure of the softer tissues of the animal frame has not been less 
successfully investigated by microscopic observers. One of the most extra- 
ordinary, perhaps, of the recent discoveries by the microscope is that which 
is due chiefly to Purkinjé and Valentin, and which in this country has been 
confirmed by Dr. Sharpey, relative to the important part in the motion of 
fluids on internal surfaces, performed by the vibratile action of myriads of 
extremely minute hairs or cilia which beset those surfaces. These ciliary 
movements, for example, raise the mucus of the windpipe to the throat 
against gravity. They have been detected in the ventricles of the brain, 2s 
well as many other parts. 

Microscopic anatomy has been chiefly indebted to Ehrenberg, Remak, and 
Dr. Martin Barry, for the exposition of the ultimate structure of the nervous 

and cerebral fibres. 
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Exact knowledge of the nature of the retina, of the vitreous and crystal-° 
line humours, and of other delicate constituents of the organ of vision—the 
most wonderful of all the organs with which God has entrusted man—has 
been remarkably advanced-by the skilful use of the improved microscopes 
of the present day. I rejoice that, among the proposed arrangements of the 
Association at its present meeting, one evening, Tuesday the 29th of June, will 
be specially devoted to an exhibition of microscopic objects. The beautiful 
discoveries of Sir David Brewster (whom, in this Association, we must always 
mention as one of our earliest friends and patrons, three times one of our 
Vice-Presidents,) have been carefully confirmed ; and many interesting va- 
rieties have been noticed in the structure of the crystalline lens of the eyes 
of different species of animals. 

The most brilliant result, perhaps, of microscopic anatomical research has 
been the actual observation of the transit of the blood from the arteries to 
the veins; the last fact required—if, indeed, such an expression be allow- 
able—for the full proof of Harvey's doctrine of the circulation of the blood. 
Malpighi first observed the transit in the large capillaries of the frog’s web. 
It has since been observed in most other tissues, and in many other animals. 

No part of the animal body has been the subject of more, or of more suc- 
cessful, researches than the blood itself. The forms and dimensions and 
diversities of structure characteristic of the coloured discs, corpuscles, or 
blood-globules, as they were once termed, in the different classes, orders, and 
genera of animals, have been described, and for the most part accurately de- 
picted ; and, through the concurrence of numerous observers, the anatomical 
knowledge of these minute particles, invisible to the naked eye, has become 
as exact and precise as the knowledge of the blood-vessels themselves, or of 
any other of the grosser and more conspicuous systems of organs; and has 
added,—when we consider how easily the action is deranged, by how many 
causes it may be diseased or stopped,—another to the many proofs that we 
are fearfully as well as wonderfully made. In surveying how our frame is 
formed, how sustained, how revived by sleep, one of the most wondrous of 
all the incidents of our nature, what suffering is produced by any pressure 
on the lungs, and yet how unconsciously we breathe a million times in health 
for one in sickness,—I cannot but feel that our Heavenly Father gave an- 
other proof of His essential character, when, in answer to the prayer of 
Moses, ‘‘ Show me Thy Glory,” Gop answered, ‘I will cause all my goodness 
to pass before thee.” 

n no department of science has the confluence of its cultivators— at such 
annual meetings as the present—been more influential in advancing its pro- 
gress in the right direction than in Systematic Natura. History. 

Systematic Natural History is pre-eminently the science of observation ; 
a science made up of insulated facts and phaenomena collected from the earth, 
the air, and the waters,—first, carefully observed, and then distributed or gene- 
ralized according to resemblances and analogies. Every fact, if it be deserving 
such a description,—that ie to say, if it be truly observed and accurately 
stated—is welcome to the man of science, though the observer himself may 
not be in a condition to recognise the full signification of his own fact, or its 
bearings on collateral phenomena. But if this be the case when one fact is 
communicated to one man of acience, such particulars, when communicated to 
an Association like the present, and discussed in their appropriate Section of 
scientific observers, speedily gain their right place and do their duty in the 
steady advancement of natural science. The observer thus, for the first time, 
made cognizant of the full value and importance of his own observation, 
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returns to his own locality and to his own particular department of science 
with renewed interest, with increased zeal, and perhaps also with a better 
direction given to his observations. 

The rapid progress of the scientific knowledge of the animals of our own 
islands, and the great advance in the determination of the British Fauna, 
may be produced in illustration of the benefit which has followed these as- 
semblages, and of the encouragement which the British Association, as a 
body, has given to the investigation of the facts and to the publication of the 
results. 

In no department of the living works of the Creator has this been more 
manifested than in that humble and heretofore much-neglected class of the 
molluscous or gelatinous animals which people the seas around our island. 
Among the naturalists who have rescued this branch of zoology from neglect, 
the name of Edward Forbes deserves early and honourable mention. The 
stimulus given by his successful exertions with the dredge and with the 
towing-net in collecting new species of Conchifera, Echinoderma and Acale- 
pha, and the brilliant generalizations which he has deduced from the fruits 
of these researches, may be discerned in the beautiful monograph by Messrs. 
Alder and Hancock on the British Nudibranchiata, now in course of publi- 
cation by the Ray Society, in the interesting work on British Zoophytes, just 
completed by Dr. Johnston, and in the new discoveries annually communi- 
cated to the Zoological Section of the British Association by Dr. Allman, 
Mr. Thompson, and other eminent naturalists, from Ireland ; by Prof. Goodsir 
and other excellent observers in Scotland; by Mr. Price, as the fruit of his 
observations on the shores of Birkenhead; and by Mr. Peach, from the 
coasts of Cornwall. But the reports of the sectional meetings and those 
other reports which have been suggested or encouraged by the grants of 
the British Association will best attest the influence of this Association in 
the promotion of natural history in general and of home soology in parti- 
cular. 

I cannot utter one or two of the technical terms which I have lately ad- 
dressed to the meeting without adding one passing reference to the great 
ancient authority from which they are derived ; and which, high as its value 
is in its proper place in relation to those unchanged sciences of morals and 
mind, the cultivation of which is the distinguishing object of the academical 
education of Oxford, is likewise high even in natural science also: for, while 
the ethics of Aristotle remain the monument of his profound reason, his 
claim to eminence as a great observer of Natural History remains also, after 
the experience of 2000 years, unshaken and unalterable. 

I proceed now to notice the science of Botany; which, aided in these days 
by the microscope and by chemistry, as to the structure, functions and uses 
of the living plant, and as to the analogies in the vegetable world in its fos- 
sil state, presents one of the most interesting subjects of inquiry to the stu- 
dent and tv the general observer. 

Systematic Botany is constantly receiving additions to the number of 
species. 

In England, for the greater part of the accession to the plants in cultiva- 
tion during the preceding year we are indebted to Mr. Fortune, the Horticul- 
tural Society’s collector in China, who has recently published an account of 
his mission; and we are not less indebted to those who, as collectors and 
correspondents in various parts of the world, communicate the results of 
their labours to the Royal Botanic Gardens at Kew. That establishment, 
under the direction of my friend Sir William Jackson Hooker, has unques- 
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tionably become the first botanic garden in Europe. I use this expression 
on the authority of another friend whom I have had the privilege of knowing 
for forty years, whom Humboldt described as le premier Botaniste de [ Europe, 
accurate, sagacious, and profound, and whose knowledge is only equalled by 
his modesty. After this, it is not for your sakes, but for my own, that I 
name Robert Brown: may I add, in passing, the expression of every one’s 
wish that he would deposit more of his knowledge in print ? 

Before I quit the subject of the great Institution at Kew, I ought to men- 
tion as one of the latest accessions to it a Cactus weighing a ton, as stated 
by Sir W. J. Hooker in his Report laid before Parliament; who adds that 
the collection of that most singular family (he refers to the collection at 
Kew), “is now unrivalled in Europe.” 

With respect to new species of plants received only in the state of speci- 
mens for the Herbarium, they have been in part obtained from China, South 
America and New Zealand, but chiefly from Australia. The late expedi- 
tions into the interior—expeditions so creditable to the enterprise, perseve- 
rance and intelligence of their conductors—have however been but little 
productive, so far as we at present know, in the department of Botany. The 
animal productions of New Holland, so wonderful in their forms and struc- 
tures, have long formed the most remarkable characteristic of its vast region : 
nor is its botany without distinctions of much interest. It may be said, 
however, in reference to the results of these later expeditions which have 
penetrated further inland, that they have not brought to our knowledge any 
peculiarities in the vegetable kingdom eo various and so striking as those 
which exist near the coasts, and which are sufficient to distinguish New 
Holland from the other regions of the world. 

In the diffusion of the riches of the vegetable world, steam navigation has 
obviously been a most favourable auxiliary; so that “even cuttings of 
plants” are now “ actually sent successfully to Calcutta, Ceylon, &c.” In 
speaking of the exports from Kew, it is not unfitting to add, that “ between 
four and five thousand plants of the famous Tussac grass have been di- 
spersed from the Royal Gardens at Kew during the past year.” I take 
these facts from the last Report to Parliament. 

The increase in the number of visitors to that most flourisifing establish- 
ment is some evidence at least of an increase of a taste for the development 
of science, and probably of that increase of the love of science which it is 
one of the objects of the British Association to encourage in all classes. In 
1841, the number of visitors was 9174; but they are nearly doubling every 
year. In 1844, they were 15,114; in 1845, 28,189; in 1846, 46,573. 

In Vegetable Physiology, microscopic observers have of late been much 
occupied in investigating the pheenomena of fecundation, and especially as 
to the mode of action of the pollen. 

On this subject botanists are still divided. Several experienced observers 
adopt the theory lately advanced and ingeniously supported by Professor 
Schleiden of Jena; while others of great eminence deny the correctness on 
which this theory is founded. Among these, the celebrated microscopic ob- 
server, Professor Amici of Florence, very recently in an essay—communi- 
cated to the Scientific Meeting held in 1846 at Genoa—has endeavoured by 
a minute examination of several species of Orchis to prove the existence of 
the essential part of the embryo anterior to the application of the pollen, 
which, according to him, acts as the specific stimulus to its development. 

This view receives great support from some singular exceptions to the 
general law of fecundation. 
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Of these the most striking occurs in a New Holland shrub, which has 
been cultivated several years in the Botanic Garden at Kew; and which, 
though producing female flowers only, has constantly ripened seeds from 
which plants have been raised perfectly resembling the parent; while yet 
there is no suspicion either of the presence of male flowers in the same plant, 
or of minute stamina in the female flower itself, nor of fecundation by any 
related plant cultivated along with it. This plant has been figured and de- 
scribed in a recent volume of the Linnean Society’s Transactions, under the 
name of Celebogyne ilicifolia, by Mr. J. Smith, the intelligent curator of 
the Kew Garden, by whom, indeed, this remarkable fact was first noticed. 
It is not the least curious part of the history of the Celebogyne, that male 
flowers have lately been discovered in New Holland unquestionably of the 
game species. 

Professor Gasparini of Naples has more recently communicated to the 
scientific meeting held in that city in 1845 his observations and experiments 
on the cultivated fig, which, though entirely destitute of male flowers, pro- 
duced seeds having a perfectly developed embryo, independent of fecunda- 
tion: access to the pollen of the wild fig, generally supposed to be carried 
by insects, being, in his experiments, prevented by the early and complete 
shutting up of the only channel in the fig by which it could be introduced. 

An elaborate memoir has very recently appeared in the Transactions of 
the Linnean Society, by the late Mr. W. Griffith, ‘On the Structure and 
Affinities of Plants Parasitical on Roots.’ These singular productions have 
been regarded by several distinguished botanists as forming one natural 
class, which they have called Rhizanthee. Mr. Griffith, on the other 
hand, who was eminently qualified, both as a systematic and physiological 
botanist, to judge of such a question, has adopted the opposite view taken 
by other observers, namely, that these plants really belong to several di- 
stinct, and not even nearly related families; the points of interna] structure 
and external appearance which they bave in common arising from the pecu- 
liar mode in which they receive their nourishment. 

The extension of the means of communication by the Electric Telegraph 
is yearly facilitating intercourse, almost as rapid as light or as thought, be- 
tween distant portions of England, and between distant provinces in the vast 
empire of our Queen. 

The last pamphlet which I had in my hand before leaving home yesterday 
was a Report presented to the Legislative Council and Assembly of New 
Brunswick, relative to a project for constructing a railway, and with it a line 
of electro-magnetic telegraph, from Halifax to Quebec. 

Distance is time; and when by steam, whether on water or on land, per- 
sonal communication is facilitated, and when armies can be transported 
without fatigue in as many hours as days were formerly required, and when 
orders are conveyed from one extremity of an empire to another almost like 
a flash of lightning, the facility of governing a large State becomes almost 
equal to the facility of governing the smallest. 1 remember, many years ago, 
in the Scotsman, an ingenious and able article showing how England could 
be governed as easily as Attica under Pericles; and I believe the same con- 
clusion was deduced by William Cobbett from the same illustration. 

The system is daily extending. It was however in the United States of 
America that it was first adopted on a great scale, by Professor Morse in 
1844; and it is there that it is now already developed most extensively. 
Lines for above 1800 miles are in action, and connect those States with Her 
Majesty’s Canadian provinces; and it is in a course of development so rapid, 


ADDRESS. xliit 


that, in the words of the Report of Mr. Wilkinson to my distinguished friend 
his Excellency Sir Wm. M. G. Colebrooke, the Governor of New Brunswick, 
to which I have just adverted, ‘ No schedule of telegraphic lines can now be 
relied upon for a month in succession, as hundreds of miles may be added 
in that space of time. So easy of attainment does such a result appear to 
be, and so lively is the interest felt in its accomplishment, that it is scarcely 
doubtful that the whole of the populous parts of the United States will 
within two or three years be covered with a telegraphic network like a 
spider’s web, suspending its principal threads upon important points along 
the sea-board of the Atlantic on one side, and upon similar points along the 
Lake Frontier on the other.” I am indebted to the same Report for another 
fact, which I think the Association will regard with equal interest :— The 
confidence in the efficiency of telegraphic communication has now become 
so established, that the most important commercial transactions daily trans- 
pire by its means between correspondents several hundred miles apart. 
Ocular evidence of this was afforded me by a communication a few minutes 
old between a merchant in Toronto and his correspondent in New York, 
distant about 632 miles.” Iam anxious to call your attention to the advan- 
tages which other classes also may experience from this mode of communi- 
cation, as I find it in the same Report. When the Hibernia steamer arrived 
in Boston, in January 1847, with the news of the scarcity in Great Britain, 
Ireland and other parts of Europe, and with heavy orders for agricultural 
produce, the farmers in the interior of the states of New York, informed of 
the state of things by the magnetic telegraph, were thronging the streets of 
Albany with innumerable team-loads of grain almost as quickly after the 
arrival of the steamer at Boston as the news of that arrival could ordinarily 
have reached them. I may add, that, irrespectively of all its advantages 
to the general community, the system appears to give already a fair return 
of interest to the individuals or companies who have invested their capital 
in its application. 

The larger number of the members of this Association have probably 
already seen in London an exhibition of a patent telegraph which prints 
alphabetical letters as it works. Mr. Brett, one of the proprietors, obli- 
gingly showed it to me, and stated that he hoped to carry it into effect on 
the greatest scale ever yet imagined on the American continent. Professor 
Morse, however, does not acknowledge that this system is susceptible of 
equality with his ¢elegraphic alphabet for the purpose of rapid communica- 
tion; and he conceives that there is an increased risk of derangement in the 
mechanism employed. 

I cannot refer to the extent of the lines of the electric telegraph in Ame- 
rica without an increased feeling of regret that in our own country this great 
discovery has been so inadequately adopted. So far at least as the capital 
is concerned, the two greatest of our railway companies have not I believe 
ye carried the electric telegraph further from London than to Watford and 
Slough. ' 

In England, indeed, we have learnt the value of the electric telegraph as 
a measure of police in more than one remarkable case; as a measure of 
government it is not less important; from the illustration which I have 
drawn from America, it is equally useful in commerce; but as a measure 
almost of social intercourse in the discharge of public business it is not with- 
out its uses also. The day before yesterday I had an opportunity of exa- 
mining the telegraph in the lobby of the House of Commons, by which com- 
munications are made to and from some distant committee-room. As a 
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svecimen of the information conveyed from the House is the following :— 
** Committee has permission to sit until five o'clock ;” and among the ques- 
tions sent down from the committee are the following :—“ What is before 
the House?” “ Who is speaking?” ‘‘ How long before the House divides ?” 

Even if I possessed in myself, or bad collected from others, the materials 
for the most rapid sketch of the progress of other sciences, the time would 
fail me in the attempt to convey it to you. I abstain from any reference to 
Geology, principally from my own ignorance of its later progress: but, 
perhaps, the omission will likewise be acceptable to the Association on an- 
other ground, namely, that the subject was fully reviewed last year by my 
distinguished predecessor in his address at Southampton. I can as little 
endeavour to bring before the Association the discoveries during the past 
year by which science has ministered to the arts or to commerce; yet [| 
cannot leave altogether unnamed—though I can hardly do more than name 
-—the discovery of the gun-cotton, to which, indeed, Sir Roderick Murchison 
adverted in 1846, and the application of electricity to the smelting of copper. 

For that process, I believe, a patent has been recently taken out. As 
yet, perhaps, sufficient time has not elapsed to test its full value. We all 
know that an experiment succeeds perfectly in the case of a model, or in a 
laboratory, which may not succeed so perfectly when the miniature steam- 
engine, for example, is extended to its ordinary size in a manufactory, or 
when the operation is transferred from ounces to tons. But if the hopes, 
expectations and confidence of the discoverers be. realized, their plan will 
be of the greatest value to this country, and of even greater proportionate 
value to some of the Queen’s most important colonies. It appears, that 
nearly 4000 tons of copper ore were sent last year from South Australia and 
the adjoining regions to be smelted in England; and that they produced 
little more than 800 tons of metal®. It is evident, therefore, that if by 
this process of smelting by electricity, the refuse, say 3000 tons, can be left 
on the spot, 3000 tons of shipping are liberated for other parposes of com- 
merce between the colony and the mother country; and the saving of coal 
in England, an object not wholly devoid of interest, is, in proportion, great. 

From the sciences cultivated, extended or encouraged, I advert to a con- 
sideration of the Association itself. The importance of these meetings is 
national. Their direct results have been eminently beneficial to science: 
their indirect effects, in uniting men of the same pursuit from different parts 
of our common country, and not less in bringing together those whom seas 
and empires divide, but whom the same zeal for knowledge happily asso- 
ciates as in this place, are equally remarkable. Those antipathies (I hardly 
use too strong a word) which once separated us from our brethren in other 
realms, and from which even men of science were not always exempt, are 
year by year vanishing; and we have met cordially on common ground to 
assist and encourage one another in the pursuit of objects honourable and ser- 
viceable to the whole family of man. 

While, however, this effect is produced, whether our meetings be in Ox- 
ford or in Cambridge, in Edinburgh or in Dublin, in Liverpool or in Cork ; 
or again, whether they be in England or in France, or in Germany, or in 
Italy, whether at Genoa, at Milan, or in Naples, let us not forget that, if we 
raise the standard of science in our own country, we raise the national cha- 
racter also, and its just influence in other countries; and that, while indivi- 


* The exact return is 3752 tons of copper ore imported, and 819 tons of metal charged 
with duty.—See Parliamentary Paper, No. 449, Session 1847. 
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dual benevolence is promoted by personal intercourse in these re-unions, the 
benefit of the labours of every such association is national also. None can 
doubt that the reputation of our country depends far more on its intellectual 
strength than on its military glory. Without for a moment undervaluing 
those to whom in past ages as in the present England is—humanly—in- 
debted not merely for her empire but for preservation also, I cannot doubt 
that the European reputation of England is owing far more to Newton than 
to Marlborough. I believe that every new discovery of science which En- 
gland is permitted to make, while it adds perhaps directly to her wealth, or 
indirectly to the development of her resources, adds also to her influence in 
the scale of nations. Our government has exercised a prudent and saga- 
cious liberality in adopting thus far the suggestions of this Association for 
the advancement of science ; and it may be well assured that such sugges- 
tions, made cautiously and disinterestedly by this Association, will continue 
to advance the public interests, as well as the mere incidental honour of the 
body from which they proceed, and which, from past experience, may justly 
claim the confidence of the State. 

The interest of our nation in science has kept pace with the encourage- 
ment given by public authority to the cultivation of science. 

Our National Collection may now be compared, not ostentatiously, but 
thankfully, with those of other countries; remembering also that many of 
our collections are little more than half a century old. 

The ornithological, the conchological, the mammalian divisions in the 
British Museum, are equal, I believe, to those of any other capital; greatly 
owing to the talents and labour of the eminent head of the department, Mr. 
Gray, whom I see here. The fossil divisions, under the care of my zealous, 
laborious and able friend, Mr. Konig, are perhaps superior—in some classes 
beyond comparison—to the analogous collections in any other Museum. 
Last year there was added to the paleontology of the British Museum the 
unique specimens of the Halitherium of Kaup, the Cephalaspis of Lyell, the 
Lepidote of Fitton; and the collection of fossil osteology is, as it ought to 
be, the first in England. The number of visitors, which six years ago was 
319,000, was last year above 750,000. 

I may be permitted to add, in reference to another great Institution, that 
the collections of comparative anatomy in the Hunterian Museum are the 
first in the world,—as they ought to be, when it is recollected that John 
Hunter was the founder, that the Royal College of Surgeons of England are 
the patrons, and that Richard Owen is the curator of that Institution. 

With these indications of the state of science and of the taste for science 
diffused in our own country,—sometimes as the fruit of the labours of this 
Association, sometimes as collateral and incidental, and even distinct results, 
but all showing the progress of physical knowledge, or the means of extend- 
ing and familiarizing it amongst us,—I might finish my Address. 

But I cannot conclude without congratulating The University and The As- 
sociation alike on this assemblage. 

We can never forget that the earliest, and in every sense the first of the 
scientific bodies of England, the Royal Society, derived, as we learn from 
Bishop Sprat, its original and contemporary historian, its foundation in this 
place. We can never forget that Bishop Wilkins, the predecessor of my 
honoured friend the Vice-Chancellor of Oxford in the government of Wad- 
ham College, was the chief promoter of its designs; that Sir W. Petty, the 
Wrens, Seth Ward and Wallis were his associates; and that here for four- 
teen years our own great and good Robert Boyle, pre-eminent amongst early 
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observers, and ever eminent for Christian principle and devotion, cultivated 
natural science ; and without for a moment undervaluing the mighty names 
which do honour to Cambridge—which do more, which do honour to En- 
gland and to our common nature—we may claim in Oxford the distinction of 
having nourished and sent forth the men who first laid the basis of the 
greatest of the scientific Associations of the world. 

Here, then, The British Association gladly accepts the welcome now ten- 
dered to it within this illustrious University. It was cordially received *f- 
teen years ago, when this Chair was worthily occupied, and far more appro- 
priately than by me, by my Very reverend friend, Dr. Buckland. I hope 
and believe that the feeling of good-will and respect will be mutual, enda- 
ring, and cordial; that The University will see with pleasure the progress of 
the natural sciences, and of the researches which The British Association 
has eminently encouraged; and that the members of our Association will 
look with kindness and respect at the venerable seats of ancient learning, 
whence have been diffused through the land for many centuries the bene- 
fits of a large and liberal education, and the blessings of Christian instruc- 
tlon; where it is the earnest and habitual endeavour of those who teach— 
may it be alike the desire of those who learn—to sanctify the acquirements 
of the mind by the graces of the Spirit. 

I feel that I have very inadequately discharged the duties of the station 
in which I have been placed. Wherever the failure is less apparent, I un- 
feignedly desire you to attribute such partial success to the aid which I have 
received from Dr. Robinson, Professor Owen, Mr. Robert Brown, and Colo- 
nel Sabine, since nothing which is derived from them can be unworthy of 
your notice. Lest you should have forgotten my earlier mention of them, I 
repeat this statement; and add again, that it is enough for me to be allowed 
to call such men my friends. * My own avocations in later years have with- 
drawn me, as J have said, from the active pursuits of science; yet it was 
necessary for me to attempt some review of its later progress. I will only 
add my firm belief, that every advance in our knowledge of the natural 
world will, if rightly directed by the spirit of true humility, and with a 
prayer for Gop’s blessing, advance us in our knowledge of Himeelf, and 
will prepare us to receive His revelation of His will with profounder re- 
verence. 

The improvements of modern art have greatly facilitated the progress of 
science. Here how have they brought together from distant regions men of 
other tongues and other families, but not of other minds!—men whom I 
name to honour them; the Prince of Canino, Milne-Edwards, Van der 
Hoeven, Langberg, Ehrenberg, Leverrier, Struvé, and Gautier, united here 
in one common object. In the words of the Prophet Daniel, if they may 
be applied without irreverence, men travel to and fro, and knowledge is 
increased.” 

May that knowledge be guided aright—may every acquisition of it be 
sanctified—as the circle widens, may every eye be still directed to the Centre 
of all Truth—and may every science, whether cultivated in connexion with 
this great Association, or in the elder establishments of this great Univer- 
sity, willingly, gladly and cheerfully, lay its tribute on the altar of Gop. 
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On the Specific Gravity of Sulphuric Acid at different degrees of dilu- 
lion, and on the relation which exists between the Development of 
Heat and the coincident contraction of Volume in Sulphuric Acid 
when mized with Water. By Cur. Lanasera, Professor of Na- 
tural Phelosophy in the University of Christiania. 


Ix many chemical and physical researches where sulphuric acid takes such 
a prominent part, it is of importance to determine with facility and accuracy 
the quantity of sulphuric acid which the diluted acid contains. The specific 
gravity seems here, as with other fluids diluted with water, to afford the 
easiest method of arriving at this result, and it is therefore generally used. 
Many experiments have been made to determine the specific gravity of sul- 
phuriec acid at different degrees of dilution, and tables are published by 
Dalton, Parkes, Ure, &c. “OF these tables, that of Ure in his Dictionary of 
Chemistry, is generally acknowledged to be the most correct; but no certain 
scale‘exists either for the accuracy of Ure’s or the other tables, although the 
importance of these tables, as well as the special difficulties that are insepa- 
rable from a precise determination of the specific gravity of sulphuric acid, 
ought long since to have demanded an examination of their accuracy. It is 
this I have endeavoured to do by calculating Ure’s experiments according to 
the method of the least squares, and thus to determine the probable error of 
this series of experiments, and the most probable value of the specific gravity 
of the sulphuric acid deduced from Ure’s tables. 

The results of the experiments of Ure, which were all made at a tempera- 
ture of 60° Fabr.*, are collected in the appended Table I., where the specific 
gravity answering to every per-centage is found by direct experiment and 
not interpolated. 

Ure has endeavoured to express the specific gravity as a function of the 
quantity of acid contained in the fluid by the formula 

p= 285 logs, 
where s signifies the specific gravity and p the quantity of sulphuric acid 
free from water contained in 100 parts of the diluted acid. That this formula 
cannot be employed, unless for those acids which are very much diluted, will 
easily be seen. If p is taken as the abscissa, s as the ordinate of a curved 
line, by constructing this curve according to Ure’s tables, it will be found 
that from p = 0 to about p = 59 it is convex against the axis of the abscissee ; 


* Dictionary of Chemsitry, pp. 105 and 106. 
1847. B 
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on the other hand, concave against the same axis from p = 59 to p =8l, or 
as far as the observations reach. About p = 59 the curve has an inflexion, 
which is not the case with the curve constructed according to the above 
formula. 

«fter having tried some other functions, which did not however represent 
the observations satisfactorily, I determined to calculate these after the 


formula 

s= 1 + ap + bp? + cp’ + dpt+ ........ seccceeces (1,) 
where s signifies the specific gravity, p the quantity of the acid free from 
water (anhydrous) contained in one part of the mixture, and a, 6, c and d 
are constants, whose probable value should be determined. In the uncer- 
tainty of the relative goodness of the observations, I have by the calculation 
given them all the same weight, and with this presumption found 


a= + 1017717 
6 = — 1°589705 
c= + 4980878 

= — $°628708. 


The differences between the observed specific gravities and those calculated 
with these values of a, 6, ¢ and d, will be found in the fourth column of the 
following table with the superscription A :— 


TABLE I. 


Hydrate of| Sulphuric 
sulphuric acid void aren A. 
acid in of water oheery ed. 


100 | 81-540} 1-8485 | —0-0206 | 68 | 55-447 | 1:5760 | — 00057 
99 | 80-743 | 18475 | — 173 || 67 | 54-639] 1:5648|— 56 
98 | 79-909 | 1:8460|~— 141 || 66 | 53816] 1:5503| — 90 
97 | 79-094 | 1-3439} — 109 {| 65 | 53-001] 1:5390/ — 91 
96 | 78:278| 1:8410| — s2|| 64 | 52-185] 159890] — 89 
95 | 77463} 18376] — 50|| 63 | 51-370! 15170} — 88 
94 | 76648} 188936; — 80] @2 | 50555} 150¢6|— 81 
93 | 75832] 18290] —- 71 61 | 49739] Lag960|~— 78 
92 | 75-017} 182331 + 9] 60 | 48-9941 1-4860| — 67 
91 | 74202] 1:8179/ + 31 || 59 | 481091 1-4760| — 59 
90 | 73386] 1:8115|— 11 38 | 47-993] 1-4¢00|— 51 
89 | 79570) 18043] 4+ 88 ii 57 | 46478} 14se0|— 57 
88 | 71-755 | 1-7962|/ 4+ ~<63 || 56 | 45-69 | 14460| ~ 29 
87 | 70-939 | 1:7870| 4+ 59] 55 | 44-8471 L4sco| — 39 
86 | 70-124) 17774; + 54/1 54 | 44-082 | 1-azes | — 92 
85 | 69309| 1767314 46 43-216] 1-4170| . 14 
84 | 68493 | 1-7570/ 4+ 39) 5a | 4401| 1-4073|— 8 
83 | 67:678| 1-7465| + 31/]1 51 | 41-5851] 1-3977)— 3 
82 | 66-863 | 1-7360| 4 361 50 | 40-770| 13884, 4 4 
81 | 66-047 | 1-7345| + 12]1 49 | 39955] La7es14 8 
80 | 65°232/ 1-7120/- 9] 4s | 39139] 13697! 4 14 
79 | 64417] 16993; -— a2) 47 | 38324] 13612] 4 36 
78 | 63601 | 1-6870| — 49|| 46 | 37-508] 13530| 4 39 
7 796 | 16750] — 61] 45 | s6693| 1-3440| 4 44 
76 | 61070 | 16680} —~ 74|) 44 | 35878) Less] 4 at 
75 | 61-155} 16590) — 741 43 | a50c9| 15955) 4 45 
7 60-340 | 16415} — 70) 42 | 34947| 13165(/ 4 42 
73 | 59-524] 16321} — 57]1 41 | 33-431 1-3080| 4 47 
72 | 58:709 | 16204; — 6o|! 40 | 32616| 129991 4 54 
71 | 57-898) 16000} — oi 39 | st-sor| 1e918| 4 54 
70 | 67-078 | 1:5975| — 66/| 38 | 30-985] 1896/4 59 
69 | 56262 | 15868} ~  60{f 87 | xe170] 1270) 4 49 
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TABLe I. continued. 


Hydrate of | Sulphur; Hydrate of| Sulpburic| g 
maipheric | acid void | Specific A sulphuric | acid void | Speeifie A 
acid in | of water | frevty, : acid in | of water | prvity, 

100 parts. | = 100 pts. 100 parts. | = 100 pts. , 
36 29-354 | 1:2654 | +- 00046 18 14673 | 1:1246 | — 0-0046 
35 28°539 | 1-2572 | + 45 17 13°862 | 1-1165 | — 60 
34 27°724 | 1:2490 | + 44 16 13-046 | 1/1090 | — 67 
33 26908 | 1:2409 | + 4! 15 12-231 | 1-1019 | — 71 
32 26°093 | 12334 | + 44 14 11-416 | 10953 | — 69 
31 25°277 | 1-2260 | + 47 13 19-600 | 1:0887 | — 68 
30 24°462 | 1:2184 | + 47 12 9-785 | 1-0809 | — 78 
29 | 23-646] 1:2108/4+ 45/7 11 $969 | 10743| — 76 
28 22°831 | 13-2082 | + 43 10 8154 | 10682 | — 68 
27 22-016 | 1°1956 | +- 40 9 7-339 | 10614 | — 66 
26 21-200 | 1°1876 | -+- 32 | 8 6-523 | 10544 | — 66 
25 20°385 | 1°1792 | + 19 7 5708 | 1:0477 | — 60 
24 19-570 | 1°1706 | +. 3 6 4892 | 10405 | — 61 
23 18°754 | 1-1626 | — 7 5 4077 | 1:03886 | — 56 
22 17°399 | 1:1549 | — 15 4 3°262 | 1-:0268 | — 49 
21 17-7124 | 1:1480 | — 15 8 2446 | 10206 | — 34 
20 16308 |; 11410} — 17 3 1-631 | 10140; — 22 
19 | 13-493] 11330; -— 29} 1 0-815 | 10074} -— 8 


If the values of A are squared and the sum of all these squares is taken, 
it will be found equal to 0003507, and consequently the mean error of this 
series of experiments is = 0°0060, or the probable error of a single observa- 
tion = 00041. 

This error appears to be more considerable than could reasonably be ex- 
pected, and the regularity with which the differences A proceed, seems to 
show that five terms of the formula (1.) are not sufficient to express all the 
observations. As the greatest uncertainty in the determination of the spe- 
cific gravity must be expected to take place in the higher degrees of con- 
centration, I have, according to the same formula, calculated the most pro- 
bable value of the constants a, 6, c and d for the convex part of the curve, 
or from p = 0 to p = 0°57, and found 

a= + 08358559 + 00030182 

b= + 0°0894304 + 0°0163718 A.) 
c= + 0°4867978 + 00218682 f °"**"* seeeee CA. 
d= — 00038314 -+- 00059968 

If the specific gravity from p = 0 to p = 0°57078 is calculated with these 
values of the constants, the following table is obtained :— 


TABLE II. 


Specific gravity of sulphuric acid from p = 0 to p = 0°57 at the temperature 
of 60° F. 


Acid void Difference between the observed 
of water Specific and calculated specific gravity 
in gravity according to 


Formula 1. Formula 2. 


57078 1°59634 +(0°00116 +0°01025 

56°262 1°58490 + 190 + 1000 

55°447 1°67357 + . 243 + 957 
B@ 


Hydrate of| Acid void 


35°878 
35°062 
34°247 
33°431 
$2°616 
$1°801 
$0°985 
30°170 
29°3 54: 
28°539 
27°724 
26°908 
26°093 
25°277 
24462 
23°646 
22°831 
22016 
21°200 
20°385 
19°570 
18°754 
17°989 
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TABLE II. continued. 
Difference between the observed 
Specific and calculated specific gravity 
gravity according to 
calculated. 

Formula 1 Formula 2. 
1°562387 -+0°00243 +0°00867 
1°55127 —_ 97 + 441 
1°54031 —_ 131 + 328 
1°52945 _ 145 + 238 
1°51871 _ 171 + 142 
1°50807 _ 147 + 99 
1°49754 _ 154 + 29 
1°487138 —_ 118 + 18 
1:47681 _ 81 — 23 
1°46661 _— 61 — 39 
1°45650 — 50 —_ 74: 
1°44650 —_ 50 — 115 
1°43660 — 60 _ 163 
142679 ~ 30 — 169 
1°4.1'708 _ 8 _— 180 
1°40747 —_ 17 —_ 218 
1°39795 _ 25 — 216 
1°38853 _ 18 _ 257 
1°37919 _ 39 — 302 
1°36994 — 24. _ 3038 
1°36079 + 51 — 250 
135171 + 129 — 178 
1°34272 + 128 — 181 
1°33381 + 69 — 246 
1°32499 + 31 _ 267 
1°31624 +- 26 _ 298 
1°30738 + 62 — 275. 
1°29898 + 92 — 2283 
1°29043 + 87 — 226 
1°28202 + 58 —_ 2438 
1°27365 + 35 — 382 
1°26535 + 49 — 280 
1°25712 + 8 _ 266 
1°24895 + 5 _ 257 
124085 + 5 —_ GA4 
1°23282 + 58 — 176 
1°22484 + 116 _ 103 
1-21693 + 147 — 56 
1°20908 + 172 _ 14 
1°20128 + 192 + 22 
1°19354 + 206 + 54 
1°18586 + 174 + 40 
1°17822 + 98 _ 19 
1°1'7064 _ 4 —_ 103 
1°163811 _ 51 — 188 
1°15563 — 78 _ 137 
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TABLE II. continued. 


. . Difference between the observed 
winners wee roid | Specific and calculated specific gravity 
sed in| git, | cleunte, Pp 
100 parts. | 100 parts. Formula 1. Formula 2. 
21 17°1 24 1°14819 —0°00019 —0°00066 
20 16°808 1-14080 + 20 _ ll 
19 18°493 1713345 — 45 _ $0 
18 14°673 1°12614 — 154 — 155 
17 13°862 | 111888 | — 238 | — 296 
16 13°046 1°11165 — 265 _ 238 
15 12°23] 1°10446 _ 256 — 220 
14 11°416 1:09731 _ 201 —_— 150 
13 10°600 1°09019 —_ 149 — 89 
12 9785 1°08310 — 220 — 152 
ll 8°969 1°07604 _ 174 _ 100 
10 8°154 106901 — 81 _ 3 
9 7°339 1°06201 —-  6l + 20 
8 6°5238 1705504 _ 64: + 18 
7 5°708 104809 _ 39 + 42 
6 4°892 104116 _ 66 + ]] 
5 4°O77 1°03426 — 66 + 5 
4 $°262 1:02737 — 57 + 5 
3 2-446 1:02051 + 9 + 60 
2 16381 1°01366 + $4 + 72 
1 O-815 1°00682 + 58 + 78 


If the differences A in the fourth column of the above table are squared, 
the sum of these squares will be found = 0000102088, and consequently the 
mean error is equal to 0°001244, and the probable error of a single observa- 
tion = 000084. . 

If all the uncertainties and difficulties these observations are subject to 
are taken into consideration, it is hardly to be supposed that this error is 
greater than the unavoidable errors of observations, and I believe therefore 
that the first five terms of the series formula ] with sufficient accuracy express 
this part of Ure’s experiments, 

As in the meantime the logarithmic formula has some advantages in the 
application, I have as a comparison also calculated the same seventy obser- 
vations according to the formula 


log 8 = Gls... ce eee ee eee wecees (2.) 
and found the most probable value of the constant 


a = 0°3515280 + 0-0002102. 


The sum of the squares of errors is = 0°000052053, consequently the 
mean error of log s = 00008685. 

The differences between the values of s observed and calculated according 
to this formula, are written in the fifth column of the above table. The sum 
of the equares of errors will be found = 0-00061 8695 ; consequently the mean 
error according to this formula = 0°00299, and the probable error of a single 
observation 000202. 
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The accuracy of formula (2.) is therefore to the accuracy of formula 1 as 
1:2°4. 

That the calculated values of the specific gravities according to my formula 
do not differ much from the truth, or that the differences between the calcu- 
lated and observed values are within the limits of the errors of observations, 
is plainly shown by a comparison between the results of the experiments of 
Ure and Parkes, which experiments seem to have been executed with almost 
the same accuracy. I have calculated both series of experiments by the 
method of least squares according to the formula log s = a P, from P=0 
to P = 0°30, where P signifies the quantity of the first hydrate of sulphuric 
acid (SO, + H,O) which one part of the mixture contains. 

Parkes's experiments * gives from thirty-eight observations the most pro- 
bable value of 

a = 0°282437 + 0000318, 


with a mean error of log s = 0°00037 ; and Ure’s experiments give from thirty 
observations 
@ = 0285482 + 0000236, 

with a mean error = 0°000384. 

As the acid used by Parkes, the weight of which in the mixture = P, had 
a specific gravity of 1°8494, and that of Ure a specific gravity of 1°8485, and 
as both series of experiments were executed at the same temperature, 
60° Fahr., one might expect that the specific gravity, according to Parkes's 
experiments for each value of P, would be somewhat greater than according 
to Ure’s. This is really the case for the higher degrees of concentration, 
until P is about 0°68; but for a more diluted acid the above values of a 
show that the specific gravity according to Parkes is less than according to 
Ure. The difference between both is for P = 0°3 equal to 0°0025, conse- 
quently three times greater than the probable error of a single observation 
formerly found. It seems therefore that one of these series of experiments, 
or perhaps both, are affected by a constant source of error. 

The average of Ure’s and Parkes’s experiments within the given limits are 


@ = 0°284737 + 0000214. 


It is generally thought that sulphuric acid can only in four determined 
proportions chemically combine with water, or in other words, there are only 
four particular hydrates of sulphuric acid, viz. two equivalents of acid with one 
equivalent of water (subhydrate), and one equivalent of dry acid with one, 
two and three equivalents of water. Some chemists however have lately 
believed that there is sufficient reason to suppose that there also exists 8 
combination of one equivalent of dry acid with six equivalents of water. 

As now 100 parts 


SO, + 1 aq contains 81°68 parts of SO, 


SO, + 2aq...... 69:02... 
SO, + 3aq ...... 5976. 
SO, + 6aq ...... 4261 
so the specific gravity of these hydrates at 60° Fahr. is as follows :— 
According to 

Specific gravity of Ure. arkes. 
SO, +1laq ...... 1°8485 1°8494 
SO,+2aq ...... 1°7598 1°7639 
SO, +3aq ...... 16349 1°6894 
SO,+6aq ...... 14010 1°4052 


* Chemical Essays, vol. i. p. 504. 
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If therefore one equivalent SO, cannot chemically combine with more than 
six equivalents of water, and to a certain quantity of acid more water is poured 
than is necessary to form this hydrate, so at length every equivalent of SO, 
will unite itself with six equivalents of water, and the fluid must consequently 
be considered as a simple mixture of that hydrate (SO, + 6H,O) with the 
remaining water. In this case there is reason to expect that the specific 
gravity of the mixture will be equal to the mean specific gravity of both its 
constituent parts. But that this is not the case is easily proved. If, ina 
mixture of two different fluids, p' and p" denote the quantity according to 
weight which one portion of the mixture contains of both constituent parts, 
s and #' the specific gravity of these, and S the mean specific gravity of the 
mixture, then the volumes of the two mixed substances will be = 


! ” 
Band Br 
and consequently the mean specific gravity of the mixture 


S= P+ pl _* MN) ats! 


or because p! + p" = 1, p' = 1 — p’, £0 is 
5 gigi! 
~ sop (F—sly 

Now if p/ signifies the quantity SO, + 6H,O which a diluted acid con- 
tains, s’ the specific gravity of this hydrate = 1°40998, and s"' the specific 
gravity of water = 1, then 

g = —__ 140098 _s. u , 

1°40998 — 0°40998p’ =1 — 0°29077 p’’ 
or when p, as before, signifies the quantity of dry acid void of water which 
one part of the mixture contains, then p’ = 0°42615 p, and consequently 


] 
s= 1 — 068255 p 1 + 068233 p + &e. 

If this expression is compared with the value of the constants in the equa- 
tions (A.), it will easily be seen that this mean specific gravity is always 
smaller than the truth as found by the experiment. The difference between 
both, for such degrees of dilution that the square of p need not be considered, 
is equal to 0°15753 py, or, for instance, for p = 0-1, nineteen times greater 
than the probable error of observation. A very diluted sulphuric acid is 
consequently no simple mixture of SO, + 6H,O with water; but both con- 
stituent parts have such an effect on each other, that the volume of the mix- 
ture is constantly less than the sum of the volumes of the mixed fluids at the 
same temperature. . 

This result made me at first believe that perhaps there exists a higher 
hydrate than SO, + 611,O, and that therefore the fluid might be a simple 
mixture of that hydrate with more water. I calculated therefore the last 
twenty observations from p = 0:00815 top = 0°1631 according to the formula 


1 
S=iF’ ene sceeere esoeee cccscceese (4) 
and found the most probable value of the constant z to be 


z = 0°7630667 + 0-0020280, 
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which gives the values of the specific gravity as follows :— 


1°14212 
1°13407 
1°12612 
1°11829 
1°11056 
1°10294 
109542 
1°08801 
1°08069 
1:0734:7 
1°06635 
1°05932 
1°05238 
1°04554 
103878 
1°08211 
1°02552 
101902 
1°01260 
1°00626 


HHEHEEHEH+HEFHEEIP LETTS 


The sum of the squares of A in this table is = 0000035332, consequently 
the mean error = 0°00136. This mean error is greater than for either of 
the other two formulas (1.) and (2.) for these same twenty observations ; even 
if only the two first powers of p are considered, and s is calculated after the 
formula 
s=1+ap+ bp, 
in which the most probable values of the constants a and 6 are 


a = 0°806049, 
b = 0°298483, 


the mean error in this same series of experiments is only = 000085. In 
addition to this the constancy of the signs of A shows that the formula 4 
cannot express the observations. 

It must therefore be considered as proved, that when sulphuric acid, pre- 
viously diluted by ever so large a quantity of water, is mixed with more water 
of the same temperature, both fluids will act so on each other that the volume 
of the mixture, when it has again attained the original temperature, becomes 

than the sum of the volumes of the mixed fluids. 


It is a well-known fact that when concentrated sulphuric acid (SO, H,O) 
is successively mixed with more and more water, the volume of the fluid 
suffers a contraction, which reaches a maximum when 100 parts of the mix- 
ture contains 73°29 parts of concentrated acid and 26°71 parts of water, or 
one equivalent of dry acid (SO,) and three equivalents of water. It is how- 
ever easy to show that every mixture of sulphuric acid and water, of what- 
ever degree of dilution, must present a similar maximum of contraction when 
it is further mixed with more water. If, for instance, the acid already con- 


: oe Gert eGeuwte en EE | 
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tains two atoms of water, and by degrees more water is added, the volume of 
the mixture suffers its greatest contraction, not as formerly, when it contains 
three atoms of water for one atom of dry acid, but when its composition is 
one atom of dry acid and 7°5 atoms of water. Again, if the acid employed 
contains three atoms of water, the maximum of contraction will arrive when 
the mixture has eleven atoms of water. That this is the case by every degree 
of dilution of the sulphuric acid will be seen in the following manner. Add 
toa diluted acid which contains p’ parts of dry acid, and which has the spe- 
cific gravity s’, so much water that one part of the mixture contains p parts 
of dry acid, then the mean specific gravity S, which the mixture would have 
if no contraction bad taken place, is equal to 


when, as formerly, 


Spr 3 
Now, if s denotes the true specific gravity of the mixture, the contracted or 


true volume is equal to ks when the sum of the volumes of both components 


of the mixture are put equal to 1. As S is equal to s for the two extreme 
values, p =p’ and p =: 0, and I have already proved that s is greater than 
S for all values of p which are between the limits 0 and p’, so it is clear that 


© must have a minimum, or in other words, that for every diluted sulphuric 


acid which is mixed with more water, there exists a maximum of contraction. 
Table III. contains the values of p’ and s' corresponding to the several 
degrees of dilution given in the first column, and the values of log 2 deduced 
from these. 
TaBLe III. 


Acid employed. 


SO, + 15aq 


0°81540 
0°68833 
0°59553 
0°52478 
0°46905 
0°4:2402 
0°38689 
0°32921 
0°26906 
0°22748 


1°8485 

1°7613 

16324 

1°53833 
1°46179 
1°40749 
1:36487 
1°30219 
1:24083 
1-20049 


9°7504616 
9°7979235 
9°8132605 
9°8213832 
9°8283366 
9°8342804 
9°8394644 
98481292 
9°8581524 
9°8657871 


For those degrees of dilution where p is less than 0°57, and where conse- 
quently the acid employed for one equivalent dry acid contains more than 
three equivalents water, the specific gravity can be expressed by the formula 

s=1 + ap + bp* + cp + apt, 
where a, 6, c and d have the values already determined in the equations (A.) ; 
consequently 
] 


8 (lap) (1 + ap + bp* + op + dp*) 
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If this expression is differentiated with regard to p and the differential is 
supposed equal to zero, the following equation is obtained :— 
O= (a—2z)+2(b— ax)p + 3(c — bx) p* + 4(d — cx) p® — 5 dzp', 


. which gives that value of p for which the volume of the mixture is a mini- 
mum, or for which the greatest contraction of volume takes place. For the 


three first hydrates in Table III. the Jeast value of & and the corresponding 


value of p is found by graphic construction. 

In this manner the values of the maximum of contraction and of the con- 
tracted or true volume contajned in the following table are found, where the 
volume of the mixture is taken as unity. 


Mek wen 


Tas_e IV. 
The maximum of contraction corresponds to Contraction 
for p= or =1-® 
SO,+ laq 0595 | SO,+ 3:°00aq 0°078514 
SO, + 2aq 0870 | SO, + 7°52aq 0°082266 
SO, + Saq 0-288 | SO, + 10°92aq 0°0238195 
SO, + 4aq | 0°254 | SO, + 12-97aq 0:019265 
SO, + 5aq 0°224 | SO, + 15°30aq 0:016308 | 
SO, + 6aq 07198 | SO, + 17°9laq 0°014028 
SO, + 7aq 07184 | SO, + 19°60aq 0°012246 
SO, + 9Qaq 07158 | SO, + 28°57aq 0°009579 
SO, + 12aq 07127 | SO, + 30°36aq 0°006989 
SO, + l5aq 0°109 | SO, + 36°llaq 0°005332 


As the volume of the mixture near its minimum only slowly changes its 
value, it is not to be expected that the numbers in the second and third 
columns can have any pretension to great accuracy ; they are stated only as 
a preliminary approximation, especially as I have not yet been able to dis- 
cover the law for their dependence of the per-centage of the acid employed. 
Much greater accuracy is to be expected of the numbers in the fifth and 
sixth columns. Suppose a, 6 and c represents three successive terms of the 
numbers in the sixth column, for instance, for SO, + 4aq, SO, + 5aq and 
SO, + 6agq, it will be found that they very nearly are in the following pro- 
portion to each other :— 

(a+c):c= a:b. 


So for a = 0019265, 6 = 0016308, c = 0°014028, is 
(a + c):c = 237, and 

2a:6 = 2°36. 
But this quality characterizes a reciprocal arithmetic series of the first order, 
whose general term has the form 

P _or B , 

G+rmnm atn 

where a is the index for the different terms of the series, and a and ( con- 
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stants. If therefore C signifies the maximum of contraction when the acid 
employed contains n equivalents of water, then we should have 


_ _ 8 
C= gr er (5.) 
The values of § and a, which best satisfy all the above given values of C, 
are * 
B = 007700596 + 0°0021532 = 007700596 (1 + 0°0279615) \ (6.) 
a = — 00163004 + 0°027644 = — 0°0163004 (1+ 1°695910) 
The accordance between the calculated values and those previously found, 
will be seen by the following comparison :— 


TABLE V. 


Contracted volume. {Maximum of contraction. 
Found. {| Calculated.| Found. | Calculated. 


Difference. 


SO, + 1aq|0-921486|0-921'718| 0-078514 | 0078282 
SO, + 2aq|0-967734/0-961181 | 0032266 |0-038819 
SO, + 3aq| 0976805 |0°974191 | 0-023196 | 0025809 
SO, + 4aq|0°980735 | 0980670} 0019965 | 0°019830 
SO, + 5aq|0-983692| 0984548 | 0016308 | 0°015452 
SO, + 6aq|0-985972/0-987131 | 0014028 | 0012869 
SO, + ‘7aq|0°987754 | 0°988973 | 0012246 | 0°011027 
SO, + 9aq/0°990421 | 0-991428 | 0-009579 | 0008572 
SO, + 12aq}0°99301 1 | 0-993574-| 0006989 | 0006426 
SO, + 15aq | 0994668 | 0°994861 | 0°005382 | 0°005139 


The mean error of these determinations will be found equal to 0:00] 237, 
and the most probable error of a single determination of C = 0-000834. 
If it is considered that the mean uncertainty of the specific gravity according 
to Table Il. is likewise = 0°00124, and the probable error of a single deter- 
mination of the same equal to 0°000839, and that consequently the uncer- 
tainty of the mean specific gravity S calculated from this must yet be greater, 


then the accordancy between the calculated values of Ss and those found 


by observation seems to be greater than one could expect, and apparently 
quite sufficient to show the correctness of the supposed law for the con- 
tractions of volume. Greater harmony between the calculated and the ob- 
served contractions would however be obtained, if by the calculation of the 
constants a2 and #8 in formula 5, no regard was paid to the contractions pro- 
duced by the three first hydrates of the sulphuric acid, as these, according to 
what has been previously remarked, are much more uncertain than the rest, 
for which the specific gravity s is calculated according to the more accurate 
formula of interpolation A, and besides, on account of their greater value, have 
an overbearing influence on the determination of these constants. 

The values of @ and 8 which best satisfy the other seven maxima of con- 
tractions, will be found equal to 


6 = 0-:0915977 (1 + 0022073 
a. = 07013108 a + o1s72813 f rerecees veer (1) 


* In the calculations of « and § the contraction for 80, + 2aq is not incladed, as the 
of that appears to be more uncertain than any of the rest. 
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With these values we obtain 


TABLE VI. 


: Contraction . 

Acid employed. calculated. Difference. 
SO, + 4aq 0019488 

SO, + 5aq 0016066 

SO, + 6aq 0°013669 + 0°000359 
SO, + 7aq 0°011894 + 0°000352 
SO, + Qa 0°009442 + 0°0001387 
SO, + 12aq 0°007212 — 0:000223 


0°005833 


The mean uncertainty of these values is here only 0:000342, and the most 
probable error of a single determination equal to 0000231, or about } of 
that previously found. 

Formula (5.) shows, that for such hydrates of sulphuric acid, where the 
number of those with one atom of dry acid combined with atoms of water 
are great in comparison to the value of the constant a, the maximum of cot- 
traction can be considered equal to 


Bi ‘ 


or, in other words, the maximum of contraction which several hydrates of 
sulphuric acid can arrive at with the addition of water is inversely propor 
tional to the number of atoms of water, which in these hydrates are com- 
bined with one atom of dry acid. As the value of a both according to the 
equations (6.) and (7.) is les’.than 1, it may be supposed that with the excep- 
tion of the three or four first hydrates, the maximum of contraction very 
nearly follows this law. This is shown by the following table, which contains 
the values of these maxima calculated according to formula (8.), when for 
f' the value is taken, which best agrees with all the contractions, with the 
exception of the three first, on 


B' = 0°081196 (1 +0°011827) ...... 2. ce eee (9) 
TaBLeE VII. 


Maximum of 


contract. calcul. Difference. 


Acid employed. 


SO, + 4aq 0°020299 — 0°001034 
SO, + 5aq 0°016239 + 0000069 
SO, + 6aq 0°013533 + 0000495 
SO, + 7aq 0°011585 + 0°00066 1 
SO, + 9aq 0°009022 + 0°000557 
SO, + 12aq 0006766 + 0°000223 
SO, + 15aq 0°005413 — 0000081 


The mean uncertainty here is 0000594, and the probable error of a single 
determination = 0°000401, consequently only half as large as the probable 
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error of the specific gravity s according to Table II. (A.), on which the cal- 
culation of the contractions of the volume is founded. 

Under all circumstances, according to the formulas (1.) and (3.), it may 
be taken as a general rule, that when to sulphuric acid of different degrees of 
dilation so much water is added that the volume of the mixture reaches its 
maximum of contraction, then the value of this contraction can be repre-. 
sented by the length of the ordinates of an equilateral hyperbola (the asymp- 
totes being parallel to the axes of the co-ordinates), when the number of 
atoms of water, which in the acid employed are combined with 1 atom of dry 
acid, ie taken as the abscisse. 

As it must constantly be taken as a rule that heat is evolved by a dimi- 
nution or contraction of volume of a body, and it is known that by mixing 
an already much diluted sulphuric acid with more water a sensible quantity 
of heat is evolved, it was natural to believe that the heat so produced stood 
in some relation to the decrease of the volume. Such a relation in the mean- 
time has not been proved, and chemists have denied the possibility of any 
such direct relation between the contraction and the heat evolved, for the 
reason that there are other bodies, for instance, alcohol of certain degrees of 
dilution, which by mixing with water increase in volume instead of decreasing, 
and yet produce heat. But it appears to me that this objection is not deci- 
sive. It cannot well be said that the production of heat is a direct or imme- 
diate effect of the change of the volume, as it would certainly be a paradox 
that an extension and a contraction of volume should have just the same 
effect; but more correctly it may be supposed that the change of the volume 
as well as the production of heat are both the effects of a higher cause, 
namely, the endeavours of the chemical or molecular forces to obtain a new 
state of equilibrium ; and as the value of both these effects must be in pro- 
portion to the intensity of the acting force, it is not improbable that the 
increase of volume as well as the contraction may be expressed as a function 
of the heat evolved, or the contrary. 

The consideration that the molecules of the fluid, when the volume of the 
mixture has reached its minimum, must be supposed to be most symmetri- 
cally arranged, and to have obtained a stable equilibrium, which they even 
with a certain inertia try to retain, because the volume in the neighbour- 
hood of its minimum is subject only to excessively slow change upon the 
addition of more water, in its proportion to the sum of the volumes of the 
mixed parts,—this consideration, in combination with the following experi- 
ment of Parkes, induced me several years since to endeavour to find a path 
to discover the relation between the change of the volume and the heat 
evolved, which at length, at least so far as sulphuric acid is concerned, 
appears to have led to a satisfactory answer to the question. 

Parkes has tried several experiments of the temperature which is produced 
when concentrated sulphuric acid and water are mixed in several propor- 
tions. He found that when to a great quantity of water greater and greater 
quantities of acid were added by degrees, the temperature of the mixture 
increased to a certain maximum, and decreased again with the further addi- 
tion of acid. This maximum temperature (216° F.) took place when the 
quantity of water and acid was in the proportion of 10:25, consequently 
when the mixture contained | equivalent dry acid and 3 equivalents 
water, or it occurred with the same degree of dilution as the maximum of 
contraction. 

By his important thermo-chemical experiments Hess has endeavoured to 
show, that when the several hydrates of sulphuric acid SO, H,O, SO, 2H,0O, 
SO, 3H.0, &c. are mixed with an excess of water, then the quantities of heat 


A 
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evolved by the combination of acid and water.(when this heat is not in- 
creased by a new addition of water) are in the same proportion to each other 
as the numbers 10:6:4:3:2; or, with the exception of the first hydrate, 
which has the relative number 10 instead of 12, the heat produced is in 
inverse proportion to the number of atoms of water in the acid employed. 
But this is precisely the same rule which we have discovered for the value of 
the maximum of contraction for the corresponding hydrates. In order to 
make a comparison between the value of the contraction and the quantity of 
heat observed by Hess, I have chosen that series of experiments which he 
himself seems to regard as the most complete and must accurate. The de- 
termination of the heat evolved seems yet to be embarrassed with so great 
difficulties, that the several series of experiments, as well by one and the 
same as by different observers, at least as regards the absolute quantity of 
heat, have given very different results. 

Hess has thus found*, that when to an acid, of the composition stated 
below, an addition of water is given to that extent that the heat evolved is 
not further increased, then the heat produced by one atom of dry sulphuric 
acid is equal to the numbers in the 3rd column of the following table. 


TaBLe VIII. 


No. Acid employed. Heat evolved. 


Cn fie ee) quan 


1 SO, + 3H,O 95°2 

2 ditto 98°16 

3 | SO,+4H,O 76°97 

4 ditto 77°5 

5 SO, + 6H,O 47°8 

6 ditto 46°73 

7 ditto 46°30 

8 SO, + 2H,O 184-2 

9 ditto 134°2(t) 


From these observations I have calculated the most probable value of what 
Hess calls one portion of heat, viz. the heat evolved by the acid SO, + 6H,0 
with an excess of water, and found it equal to 

46°402 +- 0°262 = 46°402 (1 + 001128), 
from which value we obtain 
Tasre IX. 


Quantity of heat. 
Acid employed. 


SO, + 2H,O 
SO, -+ 3H,O 
SO, + 4H,O 
SO, + 6H.O 


* Poggendorff’s Annalen der Physik und Chemie, lvi. p. 467. 
+ The number 132°2, 1. c. is probably a misprint for 134°2, as the mean value of Nos. 8 
and 9 is given equal to 134°2 (page 468). 
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The mean error in this series of experiments is consequently 
and the most probable error of a single observation = $°154. . 

Regarding the heat evolved by one atom of concentrated acid (SO* 4+- H,O), 
for which Hess in another series of experiments has found the value to be 
229°41, this acid should, if it followed the same law as the other hydrates, 
produce six portions of heat or 27841, and the difference between the ob- 
served and calculated value would be equal to — 59°0. Hess supposes there- 
fore that it only produces 5 portions of heat, or 232-01, and the same difference 
will only be — 2°50. 

If now we suppose that the diffused heat is proportionate to the maximum 
of contraction of an acid, which in one atom SO, contains n atoms water, or 
if we put 


W s=mMC,.. 2... cee cece ceeecece ce (LI) 


where W is the quantity of heat evolved by the acid employed, and C the 
maximum of contraction calculated before (Table V.), we obtain for the de- 
termination of m the following equations :-— 


TABLE X. 


134°20 = 0°038819m 
94°18 = 0°025809m 92°65 
77°23 = 0°019330m 69°40 
46°94 = 0°012869m 


The most probable value for m will be 
m = 3690°0 + 71°25, 
and the probable error of a single observation = 3°71. 
A like result will be obtained, if for W is taken the values of the maxima 
of contraction directly found in Table IV., which give the equations 


Tasie XI. 


134°2 = 0°032266m! + 4°04 
94°18 = 0:023195m! + 0°61 
77°23 = 0°019265m' — 0°49 


46°94 = 0°014028m' 


from which we obtain m’ = 4034°14 + 86°49, and the probable error of a 
single observation 4°01. 

As the probable error in these two cases is very slightly different from the 
uncertainty of the values of the quantities of heat calculated according to 
the hypothesis of Hess, it may be supposed with the same degree of proba- 
bility, that the heat evolved by a certain hydrate of sulphuric acid on the 
addition of an excess of water is proportionate to the maximum of con- 
traction of the same hydrates; or that both are inversely proportionate to 
the number of atoms of water which the acid employed contains combined 
with one atom of pure acid. 

This law at least appears to hold good for the larger degrees of dilution. 
Regarding the acid SO, H,O, Hess supposes, as previously stated, that it 
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with an excess of water diffuses only five portions of heat instead of, as in the 
above law, six. We have previously seen that the maximum of contraction 
for the more concentrated acid is also greater than, according to that law, it 
should be. 
For such a discontinuity in the law which determines the quantity of heat 
it is difficult to see any grounds, and, as we previously have shown (Table V.), 
it does not exist in the maxima of contractions, as these with sufficient accu- 
racy can be calculated by formula (5.). If now the quantity of heat in 
Table VIII. is calculated according to the same formula 
b 
We trees eee eee eea es (13.) 


it will be seen that these values, even for the concentrated sulphuric acid, 
only slightly differ from the observed. The values of a and 6, which best 
agree with all the observations in Table VIII, are the following :— 
a = 0°3082668 (1 + 0°204882) 4 
b _ 3130209 (1 + 002367 ) @eretece ew ee ee ee eceee ( ) 
from which we obtain 


TABLE XII. 


The probable error of a single observation according to this formula 
will only be 2109, whilst according to the hypothesis of Hess it is equal 
to $°154. 

It is worthy of observation, that the constants 5 and £ in the formulz (13.) 
and (5.) are determined with the same accuracy by the observations of con- 
tractions as by those of the heat evolved, whilst the constants a and a are 
much more accurately determined by the latter than by the former. This 
is seen by comparing the equations (14.) and (6.). 

If therefore it is considered as proved that the maximum of contraction 
as well as the production of heat by the addition of an excess of water 
can be expressed as functions of the atomistic constitution of the acid em- 


ployed by help of the formule (5.) or (13.), that consequently C = > +n’ 


w= = u ~ C, then the quantity of heat produced can be represented as 
function of the heat evolved by the equation 
W= 6.C »- (15.) 


B—(a—a)C enenenve @eouveenses @ene 
where 5, A, a and a have the values given in the equations (6.) and (14.). If 
in this formula the values for C are substituted from Table V., the same 
values for the quantity of heat W will be accurately reproduced, which are 
calculated in Table XII. above. 
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Researches on the Influence of the Solar Rays on the Growth of Plants. 
By Rosert Hunr. 


Tae experiments connected with this investigation have been extended over 
a period of seven years; they have been made at every season of the year; 
and the locality in which they have been carried on has been changed from 
the south-western extremity of the kingdom to the neighbourhood of the 
metropolis. 

Although there are many important points which remain open for inves- 
tigation, and others, which although examined, require, from the complexity 
of their phseenomena, still more minute research, I believe I am enabled 
to lay before this meeting of the British Association a series of important 
facts connected with the processes of germination and vegetable growth, as 
affected by solar radiations. ‘ 

The title heading each of my former reports has been the “ Influence of 
Light, &c.” I have now changed that form of expression and adopted the 
above. My reasons for this are, that much confusion has arisen from our 
habit of referring all the effects observed in the processes of vegetation to the 
agency of light, whereas it appears that some agencies which are not lumi- 
nous riaterially influence the phenomena of vegetable vitality. 

Without entering into any discussion in this place on the probable ex- 
istence, or otherwise, of « principle distinct from light and heat in the sun‘s 
rays, to awe refer the curious chemical changes produced by solar infiu- 
ence, it will b¥ sufficient to admit the existence of three distinct classes of 
phenomena, which cannot, I think, be disputed. 

These are luminous influence, calorific power, and chemical excitation. 

The ptoblem which these researches were directed to solve, was the pro- 
portion and kind of influence exerted by light, heat and actinism—as the 
principle supposed to be active in producing the chemical phenomena of the 
solar rays has been called—in the various stages of vegetable growth. 

The ineans we have of separating these phenomena from each other are 
not very perfect ; indeed, in the present state of our knowledge, it is impos- 
sible to have evidence of the operations of either light, heat or actinism ab- 
solutely separated from each other. If we use the prismatic spectrum, we 
have over every portion of it a mixture of effects. Even in the mean yellow, 
or most luminous ray, we have a considerable amount of thermic action, and, 
under some circumstances, evidence of chemical power. In the violet rays, 
which have been particularly distinguished as chemical rays, we have light 
and heat ; and in the calorific rays we have decided proof of both luminous 
and actinfc power. In the experiments which have been made with the pris- 
matic spectrum, we have in fact no certainty that the results stated to be 
due to a particular ray—that ray being regarded as the representative of a 
particular phenomenon—are not the combined effect of the three forces. 

_ The same objections apply to absorbent media, but the amount of each 
influence is readily determined ; and we are: therefore enabled to refer any 
particular result to a tolerably well-defined agency. 

All the experiments recorded in this report have been made under the 
Sction of those radiations which have permeated variously coloured media, 
sach as tinted glass and coloured transparent fluids. It is not sufficient to state 
that a yellow, red, or blue glass or fluid was employed, as it by no means 
follows that these media are permeated only by the rays corresponding in 
colour, or by the influences due to a given order of refrangibility. 

The difficulties which oppose themselves to experiments made with coloured 
media pave been strongly felt by other observers. Dr. Daubeny says in his 

1847. Cc 
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memoir ‘On the Action of Light upon Plants, &c.,” Philosophical Trans- 
actions, vol. cxxvii. 1836, ‘‘ The difficulty, however, of comparing the relative 
intensity of the light transmitted by the variously coloured media, which were 
employed in my experiments, induced me to content myself with showing, that 
the effect of light upon plants corresponds with its illuminating, rather than 
with its chemical, or calorific influence ; and to waive the more difficult in- 

uiry, whether its operation upon the vegetable kingdom exactly keeps pace 
with the increase of its own intensity.” 

In my previous reports to the British Association in 1842 and 1844, I have 
stated the kind of examination to which I then subjected each coloured 
screen. Many effects which have from time to time presented themselves, 
have convinced me of the necessity of a still more close examination of the 
order in which radiant principles permeate the media employed. I have 
therefore in every case examined with all care the illuminating, calorific and 
chemical effects of the solar rays which have passed the media employed. 

The amount of light has been determined by measuring off the prismatic 
rays which pass the screen. This is preferable to any system of measuring 
which depends upon the power of the eye to appreciate either light or shadow. 
Having formed a well-defined spectrum on a white tablet, and carefully 
marked off the centre of the yellow ray as being the point of maximum light, 
and the limits of each of the other rays, the transparent coloured medium 
was interposed and the amount of absorption observed. These examinations, 
many times repeated, were made with reference to the luminous rays only ; 
and in the description of my experiments, I shall, considering the unabsorbed 
ray a8 being represented by 100, express the amount of light actually 
effective by such a number as may give the sum of the rays measured off after 

rmeation. 

The calorific influences which escape absorption, and which have been 
determined by the expansion of the mercury in a thermometer with a black- 
ened bulb placed behind the coloured glass or fluid, and by the evaporation 
of ether from a sheet of blackened paper, as recommended by Sir John 
Herschel, will be expressed numerically in the same way as light, without 
reference to the colour of any ray Iam far from considering the thermic 
influences of the solar rays as quite independent of the colour of the ray with 
which they may be associated, but in these experiments on plants, it appears 
to me, we can only deal satisfactorily with the total amount of radiant heat which 
js active under the conditions of the experiment, the terrestrial heat being 
in all comparative experiments the same. 

It has indeed been shown by Dr. James Stark (Philosophical Transactions, 
vol. cxxiv. 1833), by direct experiment, and indirectly by other obsetvers, that 
colour exerts a very powerful influence on the conduction, radiation and 
permeation of heat. 

The determination of the chemical principle of the solar rays, or actinism, 

rmeating the media employed, required more exact attention than the other 
phenomena. Dr. Daubeny ascertained this by placing paper washed with 

nitrate of silver behind the coloured screen; and in my early experiments I 

was satisfied with using tolerably sensitive chloridated photographic papers for 

the same purpose. 

The experience of many years enables me now to state that we are not ac- 
quainted with any transparent medium which is absolutely opake to actinism. 
Although nitrate of silver, or indeed any of the salts of silver remain unchanged 
behind yellow glasses and fluids, yet chlorophyl is deoxidized and turned 
yellow by the chemical principle which is enabled to permeate them. Upon 
all those bodies on which Hight exerts a direct and determinate influence, as 
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upon the organized compounds, we find that the changes due to actintc power 
are but slightly interfered with, whereas upon all those inorganic bodies which 
undergo a change when exposed to the solar chemical radiations, that change 
being entirely due to actinism, light acts as a powerfully interfering agent. 
The conditions under which these antagonistic forces—light and actinism—. 
operate upon each other are unknown to us, but it is certain that every com- 
bination of an inorganic salt with an organic body presents a different scale 
of action. 

Nitrate of silver uncombined with organic matter undergoes no change by 
the influence of any portion of the solar spectrum, or of white light; spread 
it on paper, or combine it with gum or gelatine, and all that portion of the 
spectrum above the green ray blackens it; and if we combine this salt with 
unstable organic compounds, the blackening is found to take place, eventually, 
under every spectral ray. The other salts of silver, and metallic salts in 
general, are affected in precisely the same manner. From a knowledge of 
these facts it became evident that some means must be devised for ascertaining, 
as correctly as possible, the entire quantity of this chemical! principle passing 
any particular media, without which knowledge any result would be almost 
valueless. In every instance I have therefore determined the influence of 
the modified radiations ; first, upon the most sensitive silver salts; secondly, 
upon organic bodies, as the coloured juices of leaves and flowers, and on 
chlorophyl; and thirdly, upon combinations of the organic and inorganic 
materials. In this way I have arrived at a degree of correctness which has 
not been hitherto reached, and the results of the experiments have conse- 
quently a higher value. 

I have repeatedly stated that seeds would not germinate under the influence 
of light deprived of that principle on which chemical change depends. This 
statement has been objected to by Dr. Gardner ( American Journal of Science, 
Jan. 1844, vol. xivi.) on the results of some experiments tried by him in 
1840 in Virginia with the prismatic rays themselves. It however unfortu- 
nately happens that we are not furnished with any knowledge of the degree 
of stability which he was enabled to ensure for the prismatic rays with his 
heliostat. Dr. Gardner’s researches corroborating those of Dr. Draper, are 
without doubt valuable, but for the reasons which I have already given, I 
must contend that we do not secure a separate action of light and actinism 
by the prism so effectually as by the use of absorbent media. I shall have 
to mention a modification of my views as to the production of chlorophyl; but 
I am still convinced, after the experience of many years, that light is injurious 
to germination, and that Dr. Gardner’s experiments must have been decep- 
tive. Indeed I cannot do better than quote the remarks of Mr. R. Harkness 
(Phil. Mag. vol.xxv. N.S. p.$40, 1844) in reply to Dr. Gardner on this point: 
—‘ We know, both from the observations of Ingenhousz and Sennebier, as 
well as from daily experience, that the absence of solar light is one of the 
conditions almost necessary for the germination of seed, and consequently 
we should not expect that ray in which the maximum of light is found to 
facilitate germination, but on the contrary, as in Mr. Hunt's experiments, 
to retard it. 

“ This, however, is not the only objection to which this statement is liable, 
for if the yellow ray be the operating cause by which carbonic acid is decom- 
posed (as stated by Dr. Gardner) and chlorophy! produced, we should also 
expect that, so far from assisting in germination, it would exercise a highly 
injurious influence. We know that the presence of oxygen is necessary for 
the vegetation of seeds, and also that this oxygen is absorbed, and by uniting 

with a portion of the carbon of the seed reappears in the form of carbonic 
c2 
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acid, a process the opposite of that which takes place when chlorophyl is 
produced. This change is required in order that the amylaceous principle 
in the seed may be rendered sufficiently soluble for the support of the germ, 
previous to its being able to obtain the requisite nutriment from the soil; so 
that, if the decomposition of carbonic acid be owing to the yellow ray, this 
same ray ought to be the last to produce any effect on the germination of seeds." 

As it is however possible that some source of error may exist in my expe- 
riments, I shall distinctly state every form of apparatus employed by me, and 
the actual conditions of the solar radiations under which the different results 
were obtained. 

In the first place I shall record my experiments on germination. 

It became important to determine if any effect was produced by white 
light. For the purpose of ascertaining this a quantity of common cress (Le- 
pidium sativum) and turnip-seed (Brassica napus) was placed upon moist 
earth and very lightly covered with fine sand ; one half was screened from the 
light by a blackened board, and the other freely exposed. Under the shaded 
halt the germination was between two and three days in advance of the 
exposed portion. 

This experiment was repeated, using a glass trough containing a weak so- 
lution of bichromate of potash half an inch in thickness over the illuminated 
portion. This solution admitted the permeation of 87 parts of the luminous 
rays, 92 of the calorific rays, and 27 of the chemical rays. The object in 
this instance was to ascertain if any greater retardation was produced by the 
luminous rays, from which the chemical principle was to a considerable extent 
removed, than by pure white light, which it will be borne in mind I propose 
to regard as a compound of 100 parts of each, light, heat and actinism. The 
result was that the seed under the influence of this yellow medium did not 
germinate until five days after the seeds in the dark part of the box. 

Upon substituting a solution of sulphate of chromium and potash which 
admitted the permeation of 85 parts of light, 92 parts of heat, and only 7 of 
actinism, the germination was prevented entirely in four experiments ; and in 
the fifth, ten days after the seeds in the dark had germinated, half a dozen 
of seeds of cress showed symptoms of germination. These experiments were 
many times repeated and always with similar results. We have thus satis- 
factory evidence that light deprived of the principle or power of chemical 
action arrests the development of the plant, by preventing the vitality of the 
germ from manifesting itself. 

Although the visible sign of germination is the process of chemical com- 
bination of the carbon with oxygen and hydrogen, yet the power infla- 
encing this change is of an occult character, though evidently dependent on 
some external excitation, which I have proved not to be light, or the principle 
producing the phenomena of colour. We may now, without fear of being 
misunderstood, declare as a law, that in its relation to vegetable life Licut 
prevents germination. 

It now became important to ascertain if the chemical principle of the solar 
rays produced any acceleration of the germinative process. With this view, 
a box was prepared, in which was placed moist flannel, and this was kept wet 
by an under Jayer of water. One half could be completely screened from 
the light, and the other half exposed to any influence which it was thought 
desirable to try. 

The luminous rays were obstructed by the interposition of a series of blue 
glasses, and by solutions of sulphate of copper, or ammoniate of copper. 

The tested glass admitted the permeation of—light 40, heat 72, and of 
actinism 90 parts. 
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The trough of sulphate of copper obstructed more heat but admitted the 
passage of a larger quantity of light. It gave on examination, light 60, 
heat 54, and actinism 93 parts. 

The solution of ammoniate of copper was of so deep a colour that only 25 
parts of light passed it, and 48 of heat, whilst from 93 to 95 of actinism 


escaped any absorption. 
Common crees idium sativum), Mignionette (Reseda odorata), Ten- 
week Stocks (Mathiola incana) and Minor Convolvulus, were placed on the 


moist flannel, and the tested glass frame being placed over the undarkened 
half, the box was exposed to sunshine in a warm roum. ‘The cress under 
the actinic influence exhibited signs of germination within twenty-four hours, 
but no change was observable beyond a swelling of the seed from the 
absorption of water over that portion in darkness: on the second day all the 
cress had germinated over the exposed parts, and the other seeds were appa- 
rently in a forward condition, whereas in the dark, with the exception of the 
cress in which germination was established, but little alteration was seen in 
the other seeds. Although the periods of germination differed in each va- 
riety of these seeds, under the conditions to which they were exposed, yet in 
every instance the seeds influenced by actinic radiations germinated in one 
half the time of those seeds placed in the dark. 

The experiment was repeated, the seeds being placed in earth instead of 
on moist flannel. In every experiment the seed germinated in much less 
time under the influence of the actinic rays than in the dark. 

Several arrangements were made for the purpose of ascertaining if the in- 
fluence of the chemical rays was confined to the surface of the soil, or if they 
extended below it. The result was, that I obtained the most satisfactory evi- 
dence, that under the influence of the rays which passed the blue glasses, 
germination was set up at a depth below the surface, at which under the or- 
dinary conditions it did not take place. The common cress, placed an inch 
below a somewhat clayey soil, germinated with difficulty under the ordinary 
couditions, but the infiuence of the actinic radiations was such that germina- 
tion was but slightly retarded. Various other seeds were tried, as, 


Groundsel .............. Senecio vulgaris. 
Convolvulus ........0.-4 Convolvulus minor. 
Vetches 1... cc cccscers ce Vicia sativa. 

Oats ..........--0.-+-. Avena sativa. 
Ten-week Stocks ........ Mathiola annua. 
Mignionette ............ Reseda. odorata. 


Iu every instance germination was set up by the agency of the radiations, 
which had permeated the blue glasses in a less time, and at a greater depth in 
the soil, than in comparative experiments in which the seed was exposed to 
the full influence of light and its associated radiations as combined in the or- 
dinary solar beam. 

When a solution of sulphate of copper was empluyed, admitting, as we have 
seen, more light than the glasses, the evidences of the acceleration of germi- 
nation were not so great. These experiments were however very satisfactory, 
as, being enabled to regulate with considerable nicety the relative propor- 
tions of light and actinism, they afforded the means of ascertaining the retard- 
ing influence of the luminous power. After a great number of experiments, 
it became evident, that as the relative quantity of the luminous principle was 
increased, so was the influence of the chemical radiations diminished. In 
using the ammoniate of copper, as stated, the germination of all the seeds 
tried became more rapid ; and that this was not the mere influence of shading 
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was evident from the fact, that germination under the influence of the deepest 
coloured solution of the ammoniate of copper, provided it was transparent, 
was always more rapid than in the dark. 

It is evident therefore, that this first spring of vitality is due to some power 
or principle of solar origin, which is very broadly distinguished from the lu- 
minous or colour-giving principle. The manner in which this power is exerted 
on seed beneath the soil is not clear to us; we know not if it is a mere dis- 
turbance of something already diffused through matter, or an emanation from 
the sun: all we are enabled to declare is, that the germination of seed ts more 
rapid under the influence of the actinic rays, separated from the luminous ones, 
than it ts under the influence of the combined radiations or in the dark, - 

Sennebier (Physiologie Végétable, tome troisiéme, 398), although not ac- 
quainted with the properties of the chemical principle as separated from light, 
has, in reply to some objections of Bertholon (Journal de Physique, 1789), who 
attributed the differences observed between the influences of light and darkness 
on germination to the varying rates of evaporation under the dissimilar con- 
ditions, related some experiments on the germination of peas, beans, &c., 
“placés sur des éponges également humides enfermées sous de petits réci- 
piens semblables et d'une égale capacité,” which are conclusive ; and in a fol- 
lowing paragraph he places the question in its true view, as far as the lumi- 
nous rays are concerned in the phenomena :— 

“Tl parait donc que la lumiére rétarde la germination, et c'est pour pré- 
venir ce retardement, que les graines semées doivent étre couvertes de terre,” 
&c. Ingenhousz (Expériences sur la Végétation, vol. ii.) has shown that 
noed deposited in the darkness of the soil germinates sooner than in the 

ight. 

These facts my experiments go to establish ; and in addition, they prove 
that there exists an influence which is always associated with light, which 
has the property of accelerating the process by which the embryo swells, 
bursts through its integuments, sends its radicle into the soil, and shoots its 
cotyledons upwards towards the light. 

The conditions of the seed in this process are tolerably well underatood. 
The seed, a highly carbonized body, is placed in a position by which its starch 
(C,,H,.O,,.) is changed into gum (C,,H,, O,,) and sugar (C,,H,,0,,). Here 
we have a large absorption of oxygen; and experiment has shown that car- 
bonic acid (CO,) is formed. The whole process is the same in character as 
the blackening of a solution of nitrate of silver, holding organic matter, in the 
sunshine. Without the organic body the silver salt remains unchanged ; with 
it a combination with the oxidized carbon is effected at the same time as the 
organic particles take the oxygen from the oxide of silver in solution. All 
this is known to be entirely dependent on actinic power, and independent of 
luminous action, and the whole process of conversion in the seed is of a like 
character. The cotyledons being formed and the plumula exposed above the 
soil, the conditions are entirely changed, and new influences become necessary 
to ensure vigorous vegetation. 

If the young plant continues to grow under the influence of the rays which 
have permeated the blue media employed, it will for some time exhibit a 
luxuriant growth, and present in its early stages an appearance far superior 
to that of plants grown under other modified influences, or even under white 
light: the leaves will be of a darker green, and altoyether externally show 
signs of vigorous health. Even in the earliest stages of growth it will be 
found, however, that the plants grown in the full sunshine, or under the in- 
fluences of yellow or red media, representing the luminous and calorific 
principles, give a larger quantity of woody fibre and less water than those 
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grown under actinic influence. Comparative experiments were several times 
made for the purpose of testing this point. 

Coloured solutions were employed, and their results compared with similar 
plants grown under a glass trough filled with very clear water. The plants 
employed were the cress, ten-week stocks, and Venus’s looking-glass. An 
equal weight of the plants was taken from each compartment, and they were 
dried at the temperature of boiling water with great care. The following 
table exhibits the results :— 


Red Yellow Blue 
Medium. Medium. Medium. 


Per cent. Per cent. Per cent. Per cent. 


Admitting of Luminous rays 97 56 90 51 
39 »» Heat do. 75 84 82 60 
99 » Actinic do. 93 29 20 94 


Water. Wood. Water./Wood. Water./Wood. Water. 
grs. grs. gre. | gre. gts. | grs. gre. 


ist Experiment..| 8°2 91°8 80 92:0| 81 91°9} 7:2 92°8 
¢nd Experiment..| 81 91°9 | 82 91-8] 83 91°7| 7:0 930 
Srd Experiment..| 8°4 91°6 79 921| 84 916) 76 93-4 


Ten-week stocks ( Mathiola incana). 
lst Experiment. . | 22°0 78°O =| 21°56 78°5|}22°2 77°8\20°4 '79°6 
2nd Experiment .| 22°7 773 =| 21°7 = (783 |} 23°0 770|210 790 
Srd Experiment. . | 21°9 781 | 2k '78°6| 225 77°5|19°6 80-4 


Venus’s looking glass| (Campanula speculum). 
ist Experiment. . | 12:1 879 |11°7 883|12°0 880/10 896 
2nd Experiment. .| 12°6 874 |11°9 881/120 880,110 890 


Srd Experiment. .| 12°5 875 |12°0 880/123 87:7|105 89°5 


Plants growing in the shade in like manner contain more water than those 
growing in full sunshine, hence we cannot infer that anything more than the 
deprivation of light influences the condition of the plants in these experi- 
ments. I have ascertained that quite as great a difference exists in the water 
found in plants growing in artificial shade, and plants of the same class grow- 
ing uusheltered, under the ordinary conditions of sunshine. It is therefore 
evident that all those experiments which have been made on the increase 
of grass crops by littering the fields with boughs of trees and the like, are 
liable to the error alluded to; and it is very questionable if the increased 
product of an acre is not principally due to water, rather than to any car- 
bonaceous product, consequently the increase of the nutritive property is not 
in the ratio of the increase of weight. 

By continuing however the experiment for a longer time under the influ- 
ences already described, we do learn that the actinic radiations exert a power 
on the plant, which, although I have previously described it, I shall particu- 
larly call attention to in this place. 

It frequently happens, when the media employed cut off a large quantity 
of light and admit the actinic principle freely, that no formation of leaves 
takes place after the development of the plumule or first leaf-bud ; the young 
stem instead of solidifiying remains soft, and, without increasing in diameter, 
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continues to elongate until at last it attains to an enormous length. Nothing 
like this occurs under the influence of either light or heat. It would appear 
that this abnormal condition is due to the excitement of the actinic rays, acting 
possibly with great power upon the living principle in the roots, by which the 
elaboration of some organizable matter is produced, which they supply as food 
_ to the stem ; but, as there is but little power to decompose carbonic acid, there 
is not the necessary supply of carbon to give rise to those stems and leaves 
which naturally form upon the primitive stem. 

That this is something like a true explanation is further proved by the 
fact, that in the practice of planting shoots the use of blue media is highly 
advantageous. It appears to increase the tendency to the development of 
roots, and it is satisfactory to learn that some gardeners have, without any 
knowledge of the cause, employed cobalt blue glasses to aid in the “ striking 
of cuttings.” Dr. Lindley (Theory of Horticulture, p. 215), referring to the 
experiments of Dr. Daubeny, seems disposed to regard the effects described as 
due to the absence of light merely ; it is however evident that the chemical 
principle of the solar beam materially assists in the development of new roots 
from cuttings. The formation of woody fibre depending on the secretion of 
carbon from the carbonic acid absorbed by the leaves, and decomposed, by 
some functional power of the plant, under the influence of external excitement, 
it has ever been considered important to determine if this was due to the lu- 
minous rays or to any others. 

The experiments of Sennebier (Mem. de Phys. Chim. tom. ii. p. 55) went 
to prove that plants decomposed the carbonic acid they absorbed by the 
leaves much more readily under the influence of the violet rays than any 
others; and in my early experiments I thought I had proved the correctness 
of Sennebier's position. Dr. Daubeny in England and Dr. Gardner in Ame- 
rica have repeated the experiments, and they both conclude from their results 
that the decomposition of the carbonic acid increases with the increase of 
light, and that it is more rapid under the influence of the yellow ray than any 
other. The natural inference from the experiments which I have already 
described, in which it is shown that the larger quantity of woody matter is 
found in those plants which have had the largest amount of light, is, that 
light is essential to the formation of woody fibre. 

Numerous experments have been made by placing the leaves of plants in 
water containing carbonic acid, and then subjecting them to the influence of 
the modified radiations after permeation of coloured media. Although the 
quantity of carbonic acid decomposed, or of oxygen liberated by the plant is 
very different, for the same plant, under different conditions of radiation, it 
is evident that under any circumstances where light is admitted, the de- 
composition of the carbonic acid is effected in some cuses slowly, in some with 
rapidity. 

This power of decomposing carbonic acid under the influence of the solar 
rays is a function due to some vital principle ; for I have again and again 
proved the correctness of Matteucci’s statement (Supplement 4 la Biblio- 
théque Universelle de Genéve), that “ toute espéce de feuille qui a €té coupée 
et broyée ne donne plus de trace d’oxygéne quand on l’expose au soleil dans 
de l’eau impregnée d’acid carbonique.” Further than this, [ have found that 
more oxygen is given off from a growing plant than from a branch broken 
from the plant ; and that still less is given off from the leaves cut from the 
branch than when they are attached to it. 

Different plants not only decompose carbonic acid in different rates, but 
they exhibit greater or less sensibility to luminous influence. This will be 
apparent from the following results. The coloured media used were the same 
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as those described in the table, page 28. The relative proportions of mixed 
gas evolved is given, the proportions of nitrogen and oxygen not being 
ascertained, as the object was merely to test the general sensibility to lumi- 
nous influence. Each set of the experiments, similarly numbered, were made 
at the same time, and all the conditions alike except the analysing media. 
The comparison is made with the result of full exposure to bright sunshine, 
the gas thas collected being considered as 100. 


Yellow. Red. Blue. 


Mentha viridis. 


1] 47 

2 5] 

3 52 

4: 49 
Brassica oleracea. 

l 37 

2 44, 

3 42 
Mathiola incana. 

63 58 

2 62 55 

3 67 60 
Salvia officinalis. 

1 59 51 48 

2g 62 58 52 

3 57 51 46 

4 60 56 50 


It will be seen from these results that the common cabbage-leaves give 
more gas under the influence of the luminous rays than the others, but 
much less under the influence of the actinic principle, combined as it is 
with 5] per cent. of light. On the contrary, the ten-week stocks and the 
sage give less gas than either the cabbage or the mint under luminous influ- 
ence ; but relatively a much greater proportion under the influence of the che- 
mical and luminous rays combined. 

I have, from numerous experiments which I have made, every reason to 
believe that it will be found that there is as great a difference between the 
effects produced on growing plants by the prismatic rays, as we know to be 
the case on photographic preparations; the maximum effect altering, per- 
haps, for every variety of plant. 

The conclusions I am induced to draw from these experiments are, that 
the luminous principle of the sun’s rays is essential to enable the plants to 
effect the decomposition of the carbonic acid of the atmosphere and form 
the woody structure; that some plants require more light than others to 
effect this decomposition ; as, for instance, we find the sage and ten-week 
stocks decomposing carbonic acid with less light than the cabbage or the 
mint; and it would appear that the increase of the luminous excitement be- 
yond a certain point does not produce a corresponding increase in the quan- 
tity of gas liberated from the leaves of these plants. We may infer from all 
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the results obtained and described in this and former reports, that the de- 
composition of the carbonic acid by plants under the agency of light is not a 
simple chemical operation, as has been supposed by some, effected by the 
chlorophy!, but the result of an exertion of the vital principle of the growing 
plant, which requires the external stimulus of light to call it into action. 

A great number of experiments have been made with the prismatic rays, 
hoping to be enabled to settle a point on which an American philosopher 
and myself are at issue, this gentleman having published results the very 
opposite to those which I have obtained and published. The method pur- 
sued has been to place leaves in small tubes filled with water impregnated 
with carbonic acid, and to place these tubes across the rays formed by a very 
excellent flint-glass prism. The results have varied with every experiment. 
If we place a small sprig covered with leaves in the tube, we get the largest 
quantity of gas in one ray; if we remove the leaves from the branch, we 
shall then get the most gas under another ray. No two plants, as far as I 
am aware, give the same quantity of oxygen, in the same time, under the in- 
fluence of the same ray, and the age of the plant most materially alters all 
the effects; the same plant at one age giving evidence of being excited most 
readily by the blue rays, and at another by the yellow or the red rays. More- 
over, I am satisfied that by removing a member, whether a branch or a leaf, 
from the plant, we give a shock to the living system, which prevents our 
obtaining any result which shall actually represent the true conditions of the 
growing plant. On this point the experiments of Matteacci (Cimento, Juillet 
et Aodt, 1846) are most satisfactory. 

In all experiments on plants, it must be borne in mind that we are dealing 
with an organized body endowed with peculiar vital functions. As these are 
ever liable to derangement from numerous causes which are almost beyond 
the reach of our examination, it is only by a great number of experiments 
that anything like an approximation to the truth can be arrived at. As I 
have pointed out, anything which at all interferes with the functional powers 
of the growing plant, materially alters all the conditions which we are desirous 
of examining; hence I am perfectly satisfied that all the experiments made 
with leaves in tubes of water exposed to the prismatic rays are fallacious, and 
do not at all represent the powers of the plant to which the leaves belong. 
It is however evident, from a careful comparison of all the results obtained, 
that light, as distinguished from heat and actinism, is the principle on which 
the secretion of carbon and the evolution of oxygen by plants depend. 

Decandolle succeeded in producing the green colour of leaves by the strong 
light of lamps, which we know give out a much larger quantity of yellow 
rays than any others; consequently it was inferred that light was necessary 
to the production of chlorophyl. Dr. Daubeny however obtained no result 
from the action of incandescent lime, which emits a much purer white light, 
producing also chemical effects in a marked manner. 

Dr. Lindley refers the formation of the colouring matter of leaves to the 
“ effect of decomposing carbonic acid and exhaling oxygen” by the agency 
of light, the intensity of colour being in general “ in proportion to the decom- 
posing cause, that is to say, to light.” This view is adopted also by Mac- 
quart, from whom indeed Dr. Lindley takes it (Theory of Horticulture, 
p- 86). More recently Dr. Gardner has published a memoir ‘On the Action 
of Yellow Light in producing the Green Colour of Plants,’ &c. (the Ameri- 
can Journal of Science, vol. xlvi. January 1844), in which he contends that 
he has settled the question beyond dispute, that the yellow rays produce 
chlorophyl in leaves. It is evident from the statement of results as given by 
this observer, that the greening was not even in his experiments confined to 
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the yellow ray, but was produced by the orange, green and blue rays, and, 
as I infer, by the mean red. These experiments were made with great care, 
and the arrangements of the heliostat, prism and lens appear to have been 
as complete as possible. I must, however, be allowed to express a doubt if 
the rays could be kept stationary upon any line for so long a period as six 
and a half hours, and the slightest movement would vitiate the experiment 
and render it hazardous to declare that “the centre of the yellow ray is the 
point of maximum effect in the production of chlorophyl.” 

My experiments, made in the same manner as Dr. Gardner's, do not give 
the same results. The method in which I proceeded was as follows:—A 
heliostat placed outside a window directed a pencil of light upon a flint-glass 
equilateral prism, and the prismatic spectrum was received in the dark cham- 
ber of an ordinary photographic camera; the place of the lens being occu- 
pied by a diaphgram which admitted the passage of the spectral image only. 
My apparatus would not allow of my keeping the spectrum upon the same 
lines for more than three hours, even when in the best adjustment. I found 
that over every part of the spectrum giving light and colour recognizable by 
the unaided eye, the leaves of seedlings of the common cress, mustard, 
mignionette and peas, which were in an etiolated state, became, after a longer 
or shorter time, green. In these, as in the experiments previously named, I 
found that every variety of plant employed appeared to be influenced by dif- 
ferent rays. Cress and mustard became green the most rapidly in the green 
ray, mignionette in the yellow, and peas in the blue. It must be however 
observed that the influence was always most decided between the limits of the 
mean orange and the mean blue ray, and that it took much longer to green 
plants in the red than it did in the blue ray. 

Sach are the results I have obtained with the spectrum ; and notwithstand- 
ing that objections have been urged against the use of coloured media in 
experiments of this clasa, I am, after many years’ experience, convinced that 
there is no other way of obtaining correct results. All the colours of the 
spectrum are merely modifications of the intensity of luminous power, and it 
has been shown that light, heat and chemical action, or actinism, are common 
to every ray, the difference being only proportional. Therefore, because an 
effect is produced in the yellow ray, we have no evidence that light alone is 
the agent; it may be due to the combined influence of light and the other 
principles. We have the means of analysing with great correctness the per- 
meability of coloured media, and we can with considerable facility, by in- 
creasing the colour or thicknese of a fluid medium, produce almost any order 
of radiation, which may be maintained for days or months in a constant cha- 
racter. A yellow medium does not imply the use of a yellow light, or a red 
one the passage of red rays only; but a well-regulated yellow medium 
will give the moet light with the least quantity of actinism, and a blue one 
the largest amount of actinism with the least quantity of light It will now 
be understood that I place more confidence in the results obtained under 
coloured media than any which can be obtained with the prismatic spectrum 
upon growing plants. 

We have seen that light is required for the secretion of carbon and the 
liberation of oxygen; we know that the green colour of plants depends upon 
eolar agency ; but unless we can suppose light to be at one and the same time 
decomposing carbonic acid and composing carbon, oxygen and hydrogen in 
the form of the waxy matter chlorophyl, which is not according to the usual 
order of natural phenomena, we must look for information beyond that 
afforded us by the experiments named. Indeed, under a solution of bichro- 
mate of potash, and under a full yellow glass, I have had planta growing, 
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which, if not etiolated, were very deficient of greenness. This has several 
times occurred under a glass which cut off seventy-five per cent. of actinism, 
and admitted ninety-five per cent. of light. Again, behind a cobalt blue 
glass admitting eighty of actinism and not more than twenty per cent. of light, 
plants have been quite as much etiolated. It is clear, therefore, that the for- 
mation of chlorophyl is not directly dependent upon either light or actinism 
regarded as isolated principles. 

In the greater number of my experiments with the prismatic spectrum, 
the greening of the ‘plant has commenced over the space occupied by the 
green rays; and, under green glasses, which admitted all the rays above 
the orange ray, plants have invariably grown of a very green colour. The 
influence of the solar rays upon the green colouring matter of leaves removed 
by infusion and pressure, extends with tolerable uniformity over every ray 
of the spectrum, from the red to the violet (Sir John Herschel, ‘On the Action 
of the Rays of the Solar Spectrum on Vegetable Colours,’ Phil. Trans., vol. 
exxxiii.). In this case the green colour is however destroyed, and a ruddy 
brown of the same character as the brown of the leaf in autumn, is produced. 
This change appears to be due to light rather than actinism, and presents 
& curious contrast to the results on inorganic compounds. Here we appear 
to have a deoxidation of the chlorophyl produced by light—a process analo- 
gous to the decomposition of carbonic acid by the living plant. It is difficult, 
however, to apply experiments made with dead vegetable matter to matter 
possessing the principle of life. I am led to infer from the facts, that plants 
will grow of a pale green colour under the influence of strong light (as 
admitted through yellow glass), and also under the radiations which permeate 
deep blue glass (actinic), whilst the heat radiations which pass glass coloured 
with oxide of gold, and very lightly smoked glass, have a constant tendency 
to produce a certain degree of ruddy brownness, even in healthy green plants ; 
and that chlorophyl is not formed by the agency of either of those principles 
alone, but that it results from the combined influence of light and actinism. 
In every experiment made with media which cut off the heat rays, but which 
admit the luminous and actinic rays, the plants grow of a lively green ; and 
the extracted green of their leaves is preserved without change much longer 
than under any other conditions. To produce chlorophyl, a recombination 
of the elements which light assists the plant to separate from the water and 
the air is necessary; and I have little doubt but long-continued and care- 
fully conducted experiments will prove that chlorophyl results from the 
combined influences of light and actinism in exciting one of those mysterious 
functions of plants which excite the admiration, but elude the curiosity, of 
every vegetable physiologist. 

I have previously stated that I have rarely succeeded in getting plants to 
flower under the influence of any of the media which cut off those rays 
usually termed the calorific rays. For instance, under intense yellow, deep 
blue, or very dark green glasses, however carefully the plants may have been 
attended to, there was seldom any evidence of the exertion of their reproduc- 
tive functions. This evidently arises from the necessity of some check upon 
the chemical actions which depend on light and actinism, and which exhaust 
the elements in the formation of wood and vegetable juices which are neces- 
sary for the production of those principles which go to the preservation of 
the species. By removing plants when in a healthy condition from the in- 
fluences of isolated light or actinism to a situation where they may be exposed 
to the effects of those heat radiations which are of the least refrangible class, 
flowers and seed are rapidly produced. 

This is not an effect of heat (quoad heat), since the same temperature may 
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be maintained under all the circumstances, yet if the red rays are obstructed, 
flowers will not form. It is therefore evident that this very remarkable pro- 
perty must depend upon some function peculiar to this class of rays. The 
researches of Sir John Herschel, Dr. Draper, M. Claudet and myself on 
the action of the rays of the spectrum on photographic preparations, must 
materially assist us in explaining this phenomenon. 

Sir John Herschel (Philosophical Transactions, vol. cxxxi. 1840) has 
shown that the red rays in some cases exalt the oxidation of a silver salt ; 
that they exert a protective power, and even prevent the darkening of paper 
covered with chloride of silver under the influence of diffused light (Report 
of the British Association, 1839). 

In the Philosophical Magazine, vol. xvi. N. S. p. 272-3, I have described 
several experiments, which prove not merely the protecting power of this 
red ray, but a power of producing the closer combination of the chemical 
elements of a compound exposed to its influence. More recently Dr. Draper 
(Philosophical Magazine, 1846), and M. Claudet, who communicated his 
experiments to the Meeting of the British Association at Oxford, an abstract 
of which appears in the present volume, have shown that this class of rays 
does not merely protect the chemical compound from any change, but that 
after the sun’s rays have produced a change, they have the power of again 
restoring the compound to its original condition. ; 

All these experiments have been repeated with many modifications, and 
particularly the influence of this class of rays on growing and dead vegetable 
matter has been particularly observed. 

Leaves inspire carbonic acid and give out oxygen. It has been shown by 
Priestley, Scheele, and Ingenhousz, that flowers consume much more oxygen 
than any other part of the growing plant. Saussure has shown that flowers 
will not be developed without oxygen ; that, so far from giving out oxygen 
when exposed to sunshine in larger quantities, as leaves do, they consume even 
more oxygen than before. Here we find the process which has brought the 
plant to this stage of growth is reversed, and in place of the decomposition 
which is effected by light and actinism, we have a process of reoxidation or of 
a close assimilation of elements, precisely analogous to that which we detect 
upon the Daguerreotype plate and on photographic papers under the influ- 
ence of the red rays. 

The results to which my experiments have led me, are— 

Ist. Light prevents the germination of seeds. 

2nd. Actinism quickens germination. 

Srd. Light acts to effect the decomposition of carbonic acid by the growing 
plant. 

4th. Actinism and light are essential to the formation of the colouring 
matter of leaves. 

5th. Light and actinism, independent of the calorific rays, prevent the 
development of the reproductive organs of plants. 

6th. The heat radiations corresponding with the extreme red rays of the 
spectrum facilitate the flowering of plants and the perfecting of their repro- 
ductive principles. 

I have been led to detect some very remarkable differences in the compo- 
sition of the solar rays by frequently examining the condition of the solar 
radiations, according to the plan described at the commencement of this 
Report, for the purpose of ascertaining as nearly as possible the exact con- 
ditions in which the luminous, actinic, and calorific principles exist. During 
the year 1846 and the commencement of 1847, being engaged in selecting a 
glass for the glazing of the great Palm House in the Royal Botanic Gardens 
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at Kew, of which some account appears in this Volume, this examination has 
been more exact and continuous. 

In the spring I find the actinic principle the most active, and, as compared 
with light and heat, in very considerable excess. 

As the summer advances, the quantity of light and heat increases relatively 
to the actinic principle, in a very great degree. 

In the autumn, light and actinism both diminish, and the calorific radi- 
ations are, relatively to them, by far the most extensive. 

It should be again explained, that by déght I mean to express all those rays 
of the spectrum which are visible to a perfectly-formed human eye; by 
actinic principle, the principle to which the phenomenon of chemical change 
under solar influence belongs; and by calorific radiations, not merely those 
effects which are traceable by any thermoméetric instruments, but also those 
which we can detect by the protection from change, produced by a class of 
rays existing near the point of maximum heat in the spectrum. 

These discoveries bear most strikingly upon all my experiments ; and, af 
the same time as they appear to confirm in.a most satisfactory manner the 
conclusions to which my results have led me, they point to an order in the 
natural arrangement which is singularly interesting. 

In the spring, when seeds germinate and young vegetation awakes from 
the repose of winter, we find an excess of that principle which imparts the 
required stimulus; in the summer, this exciting agent is counterbalanced 
by another possessing different powers, upon the exercise of which the struc- 
tural formation of the plant depends; and in the autumnal season these are 
checked by a mysterious agency, which we can scarcely recognise as heat, 
although connected with thermic manifestations, upon which appears to 
depend the development of the flower and the perfection of the seed. 


On the Facts of Earthquake Phenomena. 
By Ropert Mauzet, C.E., Pres. Geol. Society of Dublin. 


In this Report some progress has been made; a number of authors and re- 
cords of various sorts have been collated, and extracts made. Tabular forms 
and maps have been contrived for the more convenient classification and 
arrangement of the facts recorded, having regard to their import and the 
degree of scientific credence and value that may be attached to the statements 
of the various authorities. 

It has been found indispensable to arrange these facts with reference to 
theoretic views, for the sake of perspicuity. The author trusts he will be 
enabled to present his Report complete to the next meeting of the British 
Association. Meanwhile he cannot avoid again expressing his earnest desire 
that the experiments upon the modulus of elasticity of rocks, &c., recom- 
mended by the Committee of Section C. at the Southampton Meeting to be 
made, should be proceeded with; such experiments constituting the most 
important of all data demanded for the further prosecution of earthquake 
dynamics, and the means without which the latest researches upon this sub- 
ject are incapable of being tested. 


Oxford, 25th June 1847. 


ON THE PRIMITIVE INHABITANTS OF SCANDI 


On the Primitive Inhabitants of Scandinavia. By Pr ol Niviskos a] 
of Lund. Translated from the Swedish by Dr. NoRgomSnaw | ; 


Yipee 
In speaking of the first or aboriginal inhabitants of a country, dalogibal: - > ° 


phzenomena existing at the same time in that country should be ta 
consideration. The question therefore, “whence the first inhabitants of 
Sweden came,” could scarcely be correctly answered without forming before- 
hand a clear conception of the condition of the country at the time of its 
first being peopled. In a paper which a few days ago I had the bonour of 
reading before the Geological Section “on the Rise and Sinking of Sweden,” 
I have endeavoured to explain that the southern part of the country has 
from a very remote period been undergoing a gradual depression of the 
surface, while the northern has undergone a corresponding rise of the same; 
and from zoological data I have sought to prove that the southern parts of 
Sweden were formerly connected with Denmark and Germany. The northern 
parts of the Scandinavian peninsula were, on the contrary, at the same time 
in a great measure covered by the sea. This was probably the appearance 
of the country subsequent to the disturbances of nature that scattered the 
diluvial strata over its surface. It may be readily perceived that at a time 
when southern Sweden or Scania was connected with northern Germany, 
and the northern parte of the country were still under water, that the 
former, or Scania, must have received its first postdiluvian flora from the 
south, or from Germany. With the gradual increase of the vegetable 
kingdom different graminivorous animals emigrated from the south. The 
north being under water, these could not have come from that quarter. In 
the great bogs of Scania are found the skeletons of several species of these 
animals, which had wandered from the Germanic continent, among whom 
are four species of the ox—just as many of the stag—some of the wild boar, 
horse, and others. Carnivorous animals in search of food soon followed in 
the footsteps of their graminivorous predecessors ; and last of all came man, 
to be fed by their flesh and clothed by their skins. These events seem to 
have occurred at a time when the Bos primigenius and Ursus speleus existed 
in the country ; and in proof thereof we possess in Lund a skeleton of the 
former pierced by an ancient arrow; and of the latter a skeleton found in a 

-bog in Scania, under a gravel or stone deposit, with implements for the 
chase used by the aboriginal inhabitants of the country. That the primitive 
inhabitants of the country stood upon the same low state of civilization as 
those in our days denominated savages, may be concluded from a comparison 
of the different implements used by them. They correspond in every respect, 
seem intended principally for fishing and hunting, and were formed of stone 
or bone. These primitive instruments are found not only in our bogs, but 
likewise in the ancient tumuli of the aboriginal inhabitants of the north. 
These tumuli are built of large, rough stones, and have always attached to 
them on the south or sea side, a narrow, long entrance. 

We find also the skeletons of this primitive race in these barrows, and 
from the peculiar shape of their crania, the race may be easily distinguished 
from the subsequent inhabitants of Scandinavia. The skeletons of the dogs 
used by these beings to assist them in the chase, are likewise found. The 
skulls of the aboriginal inhabitants found in these ancient barrows are short 
(brachy-cephalic of Retzius), with prominent parietal tubers, and broad 
and flattened occiput. It is worthy of remark, that the same form of cranium 
exists anlong several very ancient people, such as the Iberians or Basques of 
the Pyrenees, the Lapps and Samoyedes, and the Pelasgi, traces of whom 
are still found in Greece. 
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Next in succession to this aboriginal race, subsisting by fishing and hunt- 
ing, comes another with a cranium of a more lengthened oval form and pro- 
minent and narrow occiput. I think this second race to have been of Gothic 
extraction, to have first commenced the division of the land for agricultural 
purposes, and consequently to have had bloody strife with the former inha- 
bitants, who, as already mentioned, lived as fishermen and hunters. This is 
@ natural conclusion, and has been the case wherever an agricultural people 
has met with another living by fishing and hunting. It is the case in Aime- 
rica, and has been go in ancient times in Europe. A strong and decided 
proof of the bloody struggle which had taken place between these different 
people is furnished by an investigation of the skull I here have the honour 
of showing. This skull ia perforated by a lance, the point of which is formed 
by one of the points of the elk horn. This weapon of bone has no doubt be- 
longed to a people very uncivilized, and probably the first inhabitants of the 
country, but the skull pierced by the lance is one different in form from that 
of the first race that peopled Scandinavia; it is on the contrary of a length- 
ened oval form, called by Retzius the Dolico-cephalic. This cranium was 
with the other bones of the skeleton found in South Scania, together with 
thirty to forty skeletons of the same race; and among them were found stone 
weapons by which they probably had been killed. Around the arms of one 
were seen spiral rings of bronze, which seems to prove that they had already 
been in contact with other people more advanced in civilization than them- 
selves, and from them received articles of bronze. Different implements of 
bone or stone for digging in the ground were likewise found, and are here 
placed before the Section for investigation. 

The third race which has inhabited Scandinavia came possibly from the 
north and east, and introduced bronze into the country; the form of the 
skull is very different from that of the two former races. It is longer than 
the first and broader than the second, and withal prominent at the sides. 
I consider this race to have been of Celtic origin. In my hand I have a skull 
of very similar form from the rich museum of Dr. Buckland, found in a tin- 
mine in Cornwall, at a depth of 500 feet: Another cranium of exactly the 
same form, found in a hillock in Rohuslebn at a height of more than 50 feet 
above the surface of the sea, lies before me. In the same place was found a 
cranium of the preceding, or as I consider, the second race. I have another 
skull of like form from a so-called Phoenician catacomb in the island of 
Malta. (For further details upon the subject I must refer to my geological 
paper.) The fourth race that has inhabited Scandinavia (the true Swea 
race) is the colony described by Sturleson as having settled in the Malardall, 
and thence spreading itself in different directions, formed in Russia the 
dynasty of the Vareger, and in Norway that of the Norrena family, from 
which, during the time of Harald Haarfager, a branch extended itself to 
Iceland. This race it is quite certain brought with it into Sweden wea- 
pons and instruments of iron, although such may possibly have been 
known in the country beforeband. From the fourth race are descended the 
majority of the present inhabitants of the country, and with this race com- 
mences, strictly speaking, our history. The period of the first settlement of 
this race in Scandinavia is not so far distant as has generally been supposed, 
and I think may be placed some time in the sixth century. 
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Report on the Geological Theories of Elevation and Earthquakes. 
By WiuuraM Hopkins, Esq., M.A., F.R.S., &e. 


Part I—On the Phenomena and Theories of Volcanos; and on the Form, 
Solidification and Thickness of the Earth's solid crust, assuming the former 
Sruidity of the whole terrestrial mass. 


Section I. On the Phenomena and Theories of Volcanos. 


Any theoretical exposition of the geological phenomena of elevation, and the 
physical causes to which they may be attributable, would seem to be imper- 
feet without some attempt to explain the origin of the forces which have 
elevated and fractured the crust of the globe, as well as the mechanical effects 
resulting from them. I shall therefore avail myself of the range which I 
understand the Association to allow me in making this Report, to consider, 
in the first place, the probable nature and origin of the mechanical agency 
in question. And here I may remark, that in speculating on the causes which 
have operated at past geological epochs, we are naturally led to refer to 
present causes as at least suggestive of the probable nature of those which 
have formerly acted, however remote may have been the period of their 
action. Thus in speculating on the physical causes which have produced 
those dislocations which so curiously characterize the surface of the earth, 
our attention is directed to existing volcanos as likely to indicate the agency 
by which the phenomena in question have been produced. The frequent 
existence, in highly disturbed districts, of masses of rock which have been 
apparently injected into the general mass of sedimentary deposits, or ejected 
over their surface, and which are now universally allowed by geologists to 
be of igneous origin, presents analogies with the effects of volcanic action at 
the present time which cannot fail to suggest the idea that the general phe- 
nomena of elevation are attributable to the same kind of action. I shall 
therefore enter, in the first instance, into such considerations on the charac- 
ters of volcanos and their modes of action as may appear to bear immediately 
on the subject of the phenomena of elevation generally. 

1. Voleanos.—A volcano consists of a mass of fluid lava contained in a 
cavity of the solid crust of the earth. The most important churacters which 
we are here called upun to recognise in volcanos are the following :— 

(1.) The cavities containing the fluid matter have direct communication 
with the external air by means of volcanic vents. The dimensions of the 
cavities are unknown. 

(2.) The volcanic mass is maintained in a state of fluidity by ite elevated 
temperature ; and its composition is such that the formation of elastic gases 
is constantly taking place, if not in every part of the mass, at least to a con- 
siderable depth beneath its surface. 

(3.) The elastic force which these gases are capable of exerting at the high 
temperature of the mass in which they are generated is extremely great. 

2. With respect to the containing cavity, we may observe that its vent is 
an essential character, that on which the mode of action more especially 
termed volcanic depends. Respecting the. dimensions of the cavity, very 
different opinions have been maintained. Some have considered the fluid 
matter of all volcanos to communicate with, or rather to be a part of, a cen- 
tral fluid nucleus constituting the great mass of the earth, and enveloped by 
a solid shell of not more than a few leagues in thickness; while others have 
supposed, independently of theoretical views respecting the existence of a 
fluid mucleus, that a communication exists between volcanos not too far re- 
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moved from each other, much more generally than superficial appearances 
may seem to indicate. The hypothesis that the thickness of the solid crust 
is extremely small would seem essential tu give any degree of probability to 
the first of these views, but I shall shortly offer reasons for believing such an 
hypothesis to be untenable; and independently of this consideration, it is 
manifest that if that view of the subject were correct, the upper surface of 
the fluid mass of every volcano not in a state of eruption must be a portion 
of the same surface of equal pressure, and consequently at the same height 
above the level of the sea; nor would it seem to be possible for an eruption 
to take place at a great elevation in one volcano, without producing simul- 
taneous eruptions at least from neighbouring volcanos situated at lower levels. 
The same remarks would be applicable to any local group of volcanos freely 
communicating with each other, except that the common level of the sur- 
faces of the volcanic fluid in one such group might be different from that of 
another, the communication being independent of a common fluid nucleus. 
It does not appear, however, that we have the slightest evidence of an 
equality of altitude of the incandescent mass of neighbouring volcanos, and 
it is certain that there is no synchronism in the epochs of their eruptions. 
The great eruptions of Etna have not been accompanied by simultaneous 
eruptions of Vesuvius, while the intermediate volcano of Stromboli has pre- 
served its comparative tranquillity during the most violent disturbances of its 
neighbours, and remained without a single recorded eruption during 2000 
years; and possibly this comparative repose may have been of much longer 
duration. 

Such facts as these would seem to prove beyond doubt that the fluid nu- 
clei of different volcanos have generally no perfectly free communication 
with each other, and may so far, in their actual state, be regarded as insulated 
phenomena. In what degree this insulation may have originally existed, or 
how far it may have been the result of physical causes acting during long 
periods of time, are questions which we shall have hereafter to discuss. 

3. With reference to the gases above mentioned, we may remark that we 
are not here concerned in any degree with their chemical nature, but merely 
with their property of elasticity. Distinct evidence of the continuous gene- 
ration of gases in the interior of the volcanic mass, and their consequent 
continuous ascent to the surface, is afforded by such volcanos as that of 
Stromboli and Kirauea*, which remain for long periods of time in sensibly 
the same state, uninterrupted by thuse periodical explosive eruptions which 
form the most striking feature in volcanic action. The fluid masses in these 
volcanos remain at nearly a constant elevation, and are observed to be in a 
constant state of comparatively quiet ebullition, arising, undoubtedly, from the 
coutinuous disengagement of elastic vapours formed within them. The fact 
also of the constant escape of such vapours from volcanic foci is well esta- 
blished by observation. 

4. That the fluidity of the volcanic mass is due to heat is universally al- 
lowed, but it has been doubted, and with apparent reason, whether it be pre- 
cisely of the same nature as the fluidity of a perfect fluid, or that of an ordi- 


* A volcano in Owhbyhee, one of the Sandwich Islands. An interesting account of it is 
ven by Captain Tarleton in Blackwood’s Magazine (November 1845). It is also described in 
llis’s Narrative of a Tour in the Sandwich Islands, p. 199. In this volcano, as well as in that 

of Stromboli, the surface of the fluid lava is visible. They consequently afford important evi- 
dence respecting the position of the surface of the volcanic fluid with reference to the level 
of the ocean. Volcanos in general afford no evidence of this kind during the periods of 
comparative repose which intervene between their eruptions. Kirauea is 4000 feet above 
the level of the sea. 
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nary metal in a state of perfect fusion. In the latter case it is conceived that 
no particle of finite dimensions retains its solidity, whereas in the case of fluid 
lava it has been supposed that a large portion of the mass consists of small 
but finite particles, which retain severally their solidity, while their relative 
mobility is maintained by the remaining portion of the mass intervening in a 
more perfect state of fluidity between the solid particles, and consisting partly 
of internal elastic vapours, which by their ascending movement keep the 
component particles of the mass in a constant state of ebullition, and give to 
it an apparent fluidity, much greater than that of lava, immediately after its 
ejection from a crater*. Be this however as it may, it is important to 
remark the influence which this constant movement of internal gases must 
exercise in counteracting the tendency of the upper portion of the mass to 
solidify in consequence of the loes of heat. It should also be remarked how 
much this influence may be increased by the contraction of the containing 
cavity as it rises towards the external vent. For the currents of ascending 
vapours, in their ascent to the surface, will produce a degree of internal 
movement inversely proportional to the area of the horizontal sections through 
which they pass; and therefore, whenever the fluid mass rises into the nar- 
rower part of the volcanic vent, these currents will preserve the more super- 
ficial part of the fluid in a state of ebullition the more violent in proportion 
to the contraction of the channel through which the vapours ultimately escape. 
Thus the incipient solidification or freezing of the surface of the fluid may 
be prevented long after the temperature has descended to that which would 
be the temperature of fusion of the mass if it were placed in a state of perfect 
rest, 


5. The enormous expansive force which the elastic vapours of volcanos 
are capable of exerting is attested by the violence of volcanic eruptions. 
When disengaged from the fluid lava their power is shown by the velocity 
with which solid masses of rock, as well as looser materials, are frequently 
projected from the mouths of volcanos; and while existing within the fluid 
mase, their hydrostatic power is distinctly proved by the column of lava 
which they must have to support during the time of its overflowing from the 
mouth of an elevated volcano. When we further consider how rapidly the 
expansive force of vapour increases with its temperature, we may conceive 
how enormous a force these volcanic gases may have been capable of pro- 
ducing at former geological epochs, if we allow that the temperature of the 
earth's crust may then have been considerably greater than at the present 
time. 

6. Mode of Action of Volcanic Forces.—The immediate effects of the more 
energetic action of volcanic forces are so generally exhibited in the form of 
violent explosions, that we might, without due consideration of the subject, 
be led to suppose that sudden and explosive action constituted an essential 
character of such forces. It must be recollected, however, that to produce 
an explosion two conditions are necessary. In the first place, a force of great 
intensity must be produced almost instantaneously, or the resistance opposing 
a force already in action as instantaneously removed ; and secondly, the mass 
on which the force acts must be so small as to admit of a very great velocity 
being almost instantaneously communicated to it. A force like that in ques- 
tion is suddenly produced by the ignition of an explosive compound, and the 
resistance to an enormous expansive force is as suddenly removed by the 
bursting of a boiler filled with steam at a high tension; but in neither case 
would an explosion be the result, unless the mass acted on were small. We 


* See Scrope ‘On Volcanos,’ p. 19. 9 
D 
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must not therefore conclude, that because volcanic forces produce violent 
explosions when acting under the actual conditions which existing volcanos 
present, they would produce similar effects under different conditions. Such 
would certuinly not be the case if the inertia of the masses on which the forces 
acted should be sufficiently great*. 

The permanent state of ebullition and gentle intumescence observed in 
Stromboli, Kirauea, and a few other volcanos, is manifestly the consequence 
of the constant generation of elastic vapours, and their regular ascent to the 
surface through which they escape into the atmosphere; but it is difficult to 
obtain any evidence respecting the precise cause of that discontinuous and 
paroxysmal action which constitutes the usual characteristic of volcanic action. 
Perhaps a careful study of the great intermittent hot springs of Iceland, the 
Geysers, is as likely as any means we possess, to elucidate the subject. 

One explanation which has been given of the intermittent action of these 
springs is founded on the hypothesis of the existence of reservoirs of steam 
in the internal cavities, with which the external vent, in the form of a long 
cylindrical tube, communicates. These reservoirs may be conceived to be 
formed, in some cases, in those parts of internal cavities where the roof 
rises higher than the outlet. Steam may be formed in them after each 
explosion, of sufficient elastic power (if the heat be great enough) to press 
down the surface of the water at first filling the cavity, till it descend to the 
level of the outlet, through which a portion of the steam may then make 
its escape. The steam thus escaping will rise rapidly through the water, 
to escape by the external vent. Under these circumstances, if the quantity 
of steam which escapes at the same instant, and its elastic power, be suffi- 
ciently great, and the water rise into the narrow cylindrical tube, the water 
occupying the tube will be expelled by the steam in exactly the same manner 
as the contents of a gun-barrel are expelled by the elastic force of the vapour 
instantaneously generated by the ignition of the gunpowder employed. 

The conditions assumed respecting the form of the internal cavities appear 
highly probable, and the accumulation of steam in them would probably be 
a necessary consequence of their existence. The part of the explanation 
which appears to me least satisfactory, is that which assumes the sudden escape 
of the accumulated vapour in sufficient quantity to produce the observed 
effects, and so far to exhaust these reservoirs as to render necessary consider- 
able periods of repose before the renewal of a similar action. The above 
explanation is equally applicable to the intermittent action of volcanos; and 
perhaps the difficulty just mentioned may not be so great as in springs like 
the Geysers, because the tension of the elastic vapours in the former must 
be enormously greater than in the latter case, and may possibly in the deep 
regions of a volcano produce disruptions in the containing rocks by which 
the vapour may be suddenly liberated in sufficient quantity to produce a 
violent eruption. Possibly however the explosive action of volcanos may be 
connected with some modification yet unknown to us in the process of gene- 
rating elastic vapour when that process takes place under bigh pressure tf. 

1. Theories of Volcanos.— Fundamental Hypotheses.—It is the object of 
physical science in general to explain the phenomena which the physical 


* In the removal of the chalk cliff near Dover for the purpose of constructing the Dover 
railway, there was, I believe, scarcely any appearance whatever of what would commonly 
be regarded as an explosive action of the gunpowder employed for the purpose. 

+ In the Annales de Chimie for last April, MM. Descloiseaux and Bunsen have given a 
different explanation of the intermittent action of the Geysers. I content myself with this 
reference to it, because however admissible it may appear with respect to those springs, it 
will probably be regarded as much less eo as an explanation of volcanic eruptions. 
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world presents to us, by referring them to the agency of natural causes; but 
in our more extended speculations on geological causation we are necessarily 
driven to the consideration of the limits beyond which we are compelled to 
recognise the operation of those higher causes of which physical science can 
take no cognizance. It is far from my object to enter into a discussion of 
questions of this nature, but before we can proceed to the examination of 
theoretical views, and the hypotheses on which they are founded, it is essen- 
tial that we should have some rule for our guidance on this point. The 
principle I would lay down is this,—That in treating on the natural pheeno- 
mena which geology presents to us as objects of physical investigation, we 
must refer them to natural causes, so far as it can be proved that the pheeno- 
mena would be the necessary consequences of such causes acting under con- 
ditions the former existence of which may be deemed admissible. But in 
the application of this principle we are bound to be especially careful that 
the dependence of the phenomena observed on the causes assigned be 
established by accurate reasoning, and not by vague assumptions. It is tothe 
gross neglect of what the rule as above enunciated dictates in this respect, 
that we must attribute so many indeterminate speculations and objectionable 
opinions which have been offered to the world as geological theories. It is 
easy to substitute speculative notions for rigorous demonstration, but let us 
not forget that no one can thus build up geological theories without violating 
all the rules of inductive philosophy, and overstepping the caution and 
modesty which are essential for our safe guidance in these remote regions of 
physical science. 

There are two fundamental hypotheses on which theories of volcanos have 
been founded: one of them assumes the earth at some former epoch to have 
been in a state of fluidity ; the other assumes it to have been originally con- 
stituted with an unoxidized solid nucleus. The first of these hypotheses, it 
will be observed, does not assume a fluid state to have been the primitive 
state of the matter composing our planet, but merely one antecedent to its 
present state, and manifestly does not interfere with the hypothesis of a still 
anterior gaseous state of the earth, or of the matter composing the whole solar 
system. If the second hypothesis be intended also not to define the abso- 
lutely primitive state of the globe, it may be demanded of the theory founded 
on it, that it should give at least some probable explanation of the assumed 
existence of the solid unoxidized nucleus as the consequence of a previous 
state of the terrestrial mass. If, on the contrary, the state assumed by this 
hypothesis be regarded as the primitive state of the earth, the hypothesis 
would seem in itself to be less simple than that which, without professing to 
define the primitive state of matter, supposes our planet to have once been 
gaseous or fluid. According to this latter hypothesis, the terrestrial mass 
must have been more entirely free to receive all the modifications of consti- 
tution and form which physical and mechanical causes may have tended to 
impress upon it up to the present epoch, than if it had always existed in a 
state of solidity ; and consequently this hypothesis (considered merely as a 
fundamental assumption ) must I conceive be preferred to any more restrictive 
one by those who are disposed to adopt the principle enunciated in the pre- 
ceding paragraph, respecting the recognition of secondary causes as the im- 
mediate agency employed in the production of natural phenomena, whenever 
itcan be proved that the phenomena would result from such causes acting 
under admissible conditions. 

It must not be supposed that I would determine the value of an hypothesis 
by antecedent considerations, independently of the inductive proofs by which 
it may be supported; on the contrary, I would insist on such proofs as the 
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only evidence on which the truth of our primary assumptions can stand. But 
some persons have appeared to think that the hypothesis of the original 
solidity of the earth is in itself so far preferable, that any other hypothesis 
required, as it were, a justification. Ig the preceding brief remarks I have 
wished to show that, instead of such being the case, the hypothesis of the 
former fluidity of the earth is, with reference to physical theories, more simple 
than that of its primitive solidity. But whatever hypothesis we adopt, we 
must ever recollect that the final test of its truth must always be sought in 
the process of an accurate deduction of consequences resulting from our 
original assumptions, and a careful comparison of such calculated results 
with observed pheenomena. In no science perhaps is it so essential as in 
geology to bear in mind this great single rule of inductive philosophy, be- 
cause in no other science is there the same temptation to violate it. It is 
alone in the general accordance and harmony of our theoretical deductions 
with the results of observation that we must seek the ultimate evidence of 
the truth of our theories. 

I shall first proceed to make a few remarks on the theory founded on the 
second of the hypotheses above mentioned. It is commonly called the 
chemical theory of volcanos. 

8. Chemical Theory of Volcanos.—In this theory, as I have already stated, 
the fundamental hypothesis is that the interior of the earth, at the depth of 
perbaps three or four miles, consists of an unoxidized solid mass. It is sup- 
posed that this mass is accessible to water and atmospheric air, by the decom- 
position of which it becomes oxidized, and that the heat generated in this 
chemical process is sufficient in many instances to reduce the mass in which 
it takes place to a state of fusion. Hence the existence of volcanos. 

With regard to the efficiency of the chemical causes assigned by this theory, 
different opinions have been entertained. When first promulgated by Davy 
it was opposed by Gay-Lussac*; more recently it has been supported by 
Dr. Daubeny ¢, and opposed by M. Bischoff {. Between such high authori- 
ties I have no pretension to decide; but the theory appears to me to involve 
a mechanical difficulty of the gravest character. It was first indicated by 
Gay-Lussac, and has never in my opinion been explained away. It consists 
in the supposed admission of water and air to the lower regions of the 
volcanic mass. It is supposed that fissures exist by which a communication 
is established between the water of the ocean and some lower portion of the 
fluid lava; but it was suggested by the distinguished chemist last mentioned, 
that if water could descend freely down these fissures, there was no reason 
why the fluid matter with which the fissures by hypothesis communicated 
below, should not ascend through them, provided the hydrostatic pressure at 
the bottom of the fissure was greater than the weight of the descending 
column of water. And if the fissures afford a free communigation, this must 
necessarily be the case, unless the vertical height of the column of water, 
measured from its lowest point to the level of the surface of the ocean, be in 
the proportion of about 25 to 1 to that of the vertical height of the fluid lava 
above the point of junction with the aqueous column, supposing the specific 
gravity of fluid lava to be about 24. Now this would place the upper sur- 
face of the fluid mass of a volcano not in violent action, at a considerable 
distance below the level of the surface of the ocean. It would I imagine be 
deemed extremely improbable that this should be true with respect to any 
of the larger existing volcanos; and we know that it certainly is not true 

* Annales de Chimie, vol. xxii. p. 415. 


+ Daubeny on Volcanos; also Encyclopedia Metropolitana, article Geology. 
+ Edinburgh New Philosophical Journal, 1838-39, p. 25. 
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with reference to such volcanos as Stromboli and Kirauea, in which the per- 
manent position of the surface of their fluid masses are known to be, on 
the contrary, at a great height above the level of the ocean. Still the vol- 
eanic process is in constant and vigorous action in these volcanos, as mani- 
fested by their state of incessant ebullition. That this process can be main- 
tained by the agency above described appears to me, as far as I comprehend 
it, to involve nothing less than a mechanical impossibility. If there were 
any free channels passing through the solid rocks which constitute the 
walls of the volcanic cavities, and communicating with the earth’s surface 
at any point so low as the surface of the ocean, fluid lava must inevitably be 
forced through them in an unceasing and rapid stream, leaving no possibility 
of the descent of water through the same channels. If the fissures were too 
small to form perfectly free communications with the surface, the lava would 
still be forced into them by the enormous hydrostatic pressure to which the 
volcanic fluid would be subjected at the depth supposed. In this case there- 
fore, as well as in the former, the access of water to the lower portions of the 
fluid lava appears to be mechanically impossible. The admission of atmo- 
spheric air to these lower volcanic regions is still more inconceivable than 
that of water. Unless this difficulty can be explained more effectively than 
it has yet been explained, [ do not understand how the theory involving it 
can be deemed admissible, whatever may be the arguments founded on che- 
mical views by which it may be supported. 

9. M. Bischoff's Theory of Volcanic Action—An explanation of the action 
of volcanos was proposed a few years ago by M. Bischoff of Bonn, founded 
on the hypothesis that the thickness of the earth's solid crust does not exceed 
twenty or thirty miles*. According to this theory, volcanic eruptions are 
due to a column of water admitted through the solid crust, its upper extremity 
communicating with the sea or some other permanent supply of water, and 
its lower extremity with the general. incandescent fluid mass beneath. He 
shows the possibility of a column of water preserving its liquid form, though 
extending to a depth at which the temperature must, according to the ob- 
served law of terrestrial temperature, be much greater than that of ebullition 
under the ordinary pressure of the atmosphere. Recent observations on the 
temperatare of the Geysers show that the temperature of ebullition in a ver- 
tical column of water in those springs increases, in consequence of the increase 
of pregsure, much more rapidly than the terrestrial temperature increases 
generally with the depth below the surface. Still we are entirely ignorant 
of the limits beyond which the same law of increase in the temperature of 
ebullition with the increase of pressure might, and probably would, entirely 
fail. Admitting, however, the possible existence of a column of water of the 
required length, if there were a canal free to receive it, the theory appears to 
me to involve an insuperable mechanical difficulty of the same nature as that 
above explained in the chemical theory. The lower extremity of the column 
is supposed to be converted into steam, and the steam so formed is supposed 
capable of finding accese beneath the solid crust to another canal terminating 
near the same point, and forming a volcanic vent, up which the fluid lava is 
supposed to be impelled by the elastic force of the steam, with sufficient 
violence to produce an external eruption. Now if the internal fluid had no 
tendency in its state of repose to rise through any open channel to a point higher 
than the average level of the lower surface of the solid crust, this explanation, 
though still open to objections, might not be deemed altogether inadmissible 
on mechanical grounds. But there is the strongest reason to believe that, on 


* Edinburgh New Philosophical Journal, 1838-39, p. 25. 
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the hypothesis of the solid crust being as thin as here supposed, the pressure 
on the subjacent fluid cannot be less than the weight of the superincumbent 
crust, in which case the fluid lava would necessarily rise into any free canal 
communicating with it, at least to the level of the surface of the ocean. 
Under such circumstances it would be impossible for any column of water 
to obtain access to the general mass of the interior uid by open canals. To 
suppose it could do so by percolation through crevices too minute to admit 
of fluid lava under enormous pressure being forced into them, and of being 
thus effectually closed, would seem to be too visionary to call for serious re- 
futation. I may also remark that the theory is altogether inconsistent, if I 
understand it correctly, with the fact of the surface of the fluid lava, in such 
volcanos as Stromboli and Kirauea, standing permanently at a great eleva- 
tion above the surface of the sea. 

In this theory it is assumed that the thickness of the earth's solid crust is 
exceedingly small compared with the earth's radius, and in the reasoning by 
which this assumption is attempted to be justified, pressure is assumed to 
have no influence in promoting solidification. On this latter point I trust we 
shall have before long better experimental evidence than we now possess; 
and as regards the assumption respecting the present thickness of the earth's 
crust, I shall hereafter explain my reasons for considering it entirely untenable. 

The remaining theory which I have to discuss is that which professes to 
connect the existence of actual volcanos with the assumed original fluidity of 
the globe, but independently of any particular assumption respecting the 
present thickness of its solid crust, or the fluidity of its actual central nucleus. 
But here our discussion must assume a far more general character than if it 
had reference merely to recent volcanos. I have in fact already intimated that 
the analogies between the phenomena presented to us in nearly every district 
which has been subjected to violent disturbance, and those which are the 
immediate results of modern volcanic action, are such that it would be only 
in taking a narrow view of the subject that we could regard the theory of 
volcanos as independent of those by which we must explain the general phe- 
nomena of elevation. In proceeding therefore to a further discussion of the 
subject, our attention will not be limited to the explanation of volcanic phe- 
nomena. These phenomena have suggested to us certain hypotheses, which, 
for the reasons just assigned, we may regard as bases for a general theory of 
elevation. I shall now proceed, therefore, on the hypothesis of the former 
fluidity of the earth, and shall examine the consequences deducible from it, 
the degree of their accordance with the phzenomena established by obser- 
vation, and the value of the evidence thus derived in favour of our funda- 
mental hypothesis, and the theory founded upon it. 


Section II. On the Form, Solidification and Thickness of the Earth's Crust. 


10. Form of the Earth.—In adopting the hypothesis of the earth's former 
fluidity, the first point which presents itself for investigation is the form which 
its surface would assume in consequence of its rotatory motion and the mu- 
tual attractions of its component particles. Another point intimately con- 
nected with this, is the law of density according to which the particles of such 
a mass would arrange themselves when the whole should attain a state of equi- 
librium. These questions have been fully investigated by mathematicians ; 
the results arrived at are as follow :— 

(1.) The form of the external surface will be that of an oblate spheroid 
whose axis is that of rotation. 

(2.) All those points at which the density is the same as at any proposed 
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point within the spheroid form a surface passing through that point called a 
surface of equal pressure; all such surfaces (of which the external surface is 
one) are concentric and spheroidal, having their axes in the axis of rotation. 
The ellipticities are less in those more remote from the external surface. 
oe Each surface of equal pressure is also & surface of equal density. 
4.) The density increases as we pass from one of these surfaces to an- 
other along any straight line from the surface to the centre. 

If the density of the whole mass were uniform, we should only require the 
time of rotation to be able to determine the ellipticity of the external surface ; 
but, in the case of the earth, the ellipticity thus calculated is much too large, 
proving that the density cannot be uniform, assuming always the truth of our 
fundamental hypothesis. We have no data, however, for determining more 
respecting the variation of the density than is above. stated in (4). If 
the law which it follows were known, together with the time of rotation, the 
ellipticity of the external surface could be calculated ; but the law of density 
is essentially an unknown element of the problem, and mathematicians have 
therefore been obliged to assume a law, and leave the accuracy of the assump- 
tion to be proved, in common with any other hypothesis involved, by the 
general harmony of the results. This assumed law is represented, as is well 


known, by aang, which expresses the density at any point of a surface of 


equal pressure and density, whose axis=a. By assigning a proper value to 
the constant g, we obtain a value of the ellipticity of the external surface co- 
inciding with that determined by observation. This accordance, however, 
unsupported by any other, would afford no conclusive proof of the earth's 
former fluidity, since the result depends on an arbitrary assumption respect- 
ing the density, and therefore we must examine whether this assumed law of 
density which accords with the observed value of the earth’s ellipticity, also 
accords with other observed phenomena. Now with our assumed law of 
density we can calculate the ratio which the mean density bears to the den- 
sity at the surface; and the mean density has also been determined in the 
first instance by the experiments of Cavendish, and lately by similar experi- 
ments conducted by the late Mr. Baily with the most refined precautions 
against the influence of disturbing causes. The comparison of the theoreti- 
cal and experimental results shows that the same law of density which accords 
with the observed ellipticity of the earth, gives also a value of the ratio of the 
superficial and mean densities, which accords very approximately with the 
experimental determination of the mean density, and of that of the rocks 
generally composing the earth’s surface*. 

The accordance between the results of observation and those of calcula- 
tion, with respect to the form of the earth and its mean density, seem to be 
as perfect as we could possibly expect, and we may therefore assert that this 
theory clearly accounts for the observed spheroidal form of the earth by the 
operation of natural causes t. 

11. There are also certain delicate but well-defined phzenomena in the 
motions of the earth and moon, depending on the earth's oblateness, which 
afford evidence in favour of the above theory. I allude to the motions of 


* If we make gay =*% (aq being the value of a at the surface), the calculated ratio of the 


mean to the superficial density = 2°4225. The mean density according to Mr. Baily’s experi- 
ments = 5°675 (Memoirs of the Astronomical Society). This will exactly agree with the for- 
mer results if we consider the mean density of the earth at its surface to be 2°34. 

¢ It is here assumed that the form of the earth has not sensibly changed during the pro- 
cess of solidification. There can be no risk of an appreciable error in this assumption. 
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preceasion and nutation of the pole of the earth, and a corresponding small 
inequality in the motion of the moon. If the earth's external surface and all 
the interior surfaces of equal density were spherical and concentric, the mu- 
tual attractions of the earth and moon would be equivalent to a single force 
passing through the spherical centre, or centre of gravity of the earth, 
and would therefore not tend to impress on the earth a motion of rotation 
about any axis through its centre; nor, on the other hand, would this force 
have any tendency to draw the moon out of a fixed plane passing through 
that centre. But, the earth being oblate, it is easily seen that when the moon 
is out of the plane of the equator, the resultant force of her attraction will 
not pass through the earth's centre, because her attraction on the portion of 
the equatorial protuberance nearest to her will be greater than that on the 
opposite and more remote portion. Consequently this attraction will tend to 
impress on the earth a rotatory motion about an axis through the earth’s 
centre, and perpendicular to a plane through the earth's axis and the moon's 
centre. This angular motion, combined with that of the earth's daily rota- 
tion, produces lunar precession and nutation. The solar precession and nu- 
tation admit of an exactly similar explanation. Again, since the attraction 
of the earth on the moon is exactly equal and opposite to that of the moon 
on the earth, it must tend to draw the moon out of the constant plane in 
which she would move if she were acted on only by a force passing accu- 
rately through the earth’s centre. The inequality in the moon's motion due 
to this cause has been accurately determined by very numerous observations; 
and the lunar precession and nutation are also accurately determined by ob- 
servation. The calculation of these motions according to the theory of gra- 
vitation, depends on the ellipticity of the earth and the law of its density. 
Taking the value of the ellipticity determined by observation, and the assumed 
law of density already mentioned (art. 10), the results of calculation agree 
to a close degree of approximation with those of observation, thus affording 
a strong corroboration of the truth of the hypotheses on which the calcula- 
tions are founded *. 

12. In estimating the value of the evidence derived from the earth's form, 
it must not, however, be forgotten, that under certain conditions, centrifugal 
force would impress on a rotating solid mass a form approximating to the 
spheroidal form of a fluid mass in similar motion. Thus, if a solid sphere of 
the dimensions of the earth were put in rotation with the earth's angular ve- 
locity, the centrifugal force would cause it to bulge out in some degree at its 
equator, all matter being supposed to have some degree of extensibility. [I 
am not aware that any accurate solution of the problem has been attempted, 
and consequently the form which the mass would assume is not known with 
any exactness. It is evident, however, that it could never attain the degree of 
ellipticity which would be attained by a fluid mass under the same conditions, 
provided the solid should be able to retain for an indefinite time any finite 
cohesive power to resist the tendency of the centrifugal force to extend the 
mass in directions perpendicular to the axis of rotation; for it is only in the 
absence of such resisting force that the limiting form of the fluid spheroid is 
attained. It may perbaps also be stated as probable, that with a finite oohe- 
sive power, the defect in the excess of the equatorial over the polar radius, 
as compared with that excess in the fluid spheroid, would be of the same 


* In the usual mode of calculating the amount of precession and nutation according to the 
theory of gravitation, the earth has been supposed to be perfectly solid. It has recently been 
shown, however, as will be explained in a future article, that results sensibly the same are ob- 
tained if we suppose the interior of the globe to be fluid, provided the thickness of the solid 
shell be not less than about one-fourth or one-fifth of the earth’s radius. 
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order of magnitude as the excess itself. Without dwellin _" 
ferences which have not received the sanction of accurate re ate i 
observe that whatever influence we allow to centrifugal force at Of° 
gravity acting on a mass of great dimensions, we cannot still consider the 
present form of the earth as a modification of any very different form result- 
ing from the action of those forces on a mass originally solid, without having 
recourse to particular hypotheses. It would seem necessary, for instance, that 
the axis of rotation in the initial motion should have been at least nearly co- 
incident with a permanent axis of rotation; and also that there should be 
some particular law of density of the mass in its original form, to ensure in 
its final form a density which should have a certain symmetrical relation to 
the axis of rotation, such as doubtless exists in the actual density of the globe. 
It is the absence of the necessity for all such additional restrictive assump- 
tions that constitutes the great recommendation of the hypothesis of the earth's 
former fluidity, and which enables us to account, on that hypothesis, in so 
simple and satisfactory a manner, for the present form and density of the 
earth, as the results of mechanical causes. 

18. Another mode has also been suggested of accounting for the sphe- 
roidal form of the earth, independently of the hypothesis of its former fluidity *. 
Suppose, for instance, its original form to have been spherical, and the period 
of its rotation the same as at present. The equatorial region would form one 
continuous ocean, while the land in the polar regions would rise above the 
level of the ocean, attaining its greatest height at either pole. But these 
polar tracts of land would be slowly removed by that constant operation on 
its shores by which the ocean is now wearing away the land which protrudes 
above its surface, and an approximation to the spheroidal form would doubt- 
less thus be produced if sufficient time were allowed for the operation. 

I am not aware that any one has advocated this view of the subject asa 
probable one, and the distinguished author of the work just referred to, in 
suggesting it, has made the following remark :—‘“‘ We are far from meaning 
here to trace the process by which the earth really assumed its actual form ; 
all we intend is, to show that this is the form to which, under the condition 
of a rotation on its axis, it must tend; and which it would attain even if ori- 
ginally and (so to speak) perversely constituted otherwise.” It may also be 
observed that geological observation has afforded no indication, as I conceive, 
of any greater accumulation of sedimentary deposits in the equatorial than 
in the polar regions. Still this mode of accounting for the earth's spheroidal 
form might be appealed to (as, in fact, it has been by a distinguished geolo- 
gist) as one not inconsistent with physical principles and admissible condi- 
tions, and therefore as tending to diminish our confidence in the theory which 
presents the spheroidal form of the earth as a proof of ite former fluidity. It 
is therefore desirable to submit this idea of the possible origin of the sphe- 
roidal form to as accurate a test as we are able. But for this purpose it will 
be necessary to make sume hypothesis respecting the internal constitution of 
the earth as well as its external form. It may perhaps be deemed the sim- 
plest supposition, that the primitive matter of the earth would have been of 
uniform density under a uniform pressure. Adoptiug this hypothesis in con- 
janction with that of the earth’s primitive sphericity, it would follow that the 
interior surfaces of equal density would be spherical, having for their com- 
mon centre the centre of the earth. After the earth had been thus consti- 
tuted, we must suppose it to have received its spheroidal form by the denu- 
dation of its polar regions, and the deposition of the transported matter to 
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44 REPORT—1847. 


the region of the equator. To test the truth of this hypothesis, we may appeal 
to the phenomena already mentioned (art. 11) of precession and nutation, 
and the corresponding inequality in the moon's motion. 

If the density of the earth were uniform, the resultant attraction of the 
moon or sun on the portion of the terrestrial mass contained within a sphere 
having its centre coincident with the centre of the spheroid, and its 1adius 
equal to the earth’s polar radius, would manifestly pass through the centre of 
gravity of the earth, and would, therefore, have no effect in producing pre- 
cession and nutation. In such case these phenomena would be due solely 
to the attraction on the protuberant equatorial mass which forms the excess 
of the spheroid above the sphere just mentioned. In like manner the cor- 
responding inequality in the lunar motion would also be due entirely to the 
attraction of the same protuberant portion of the earth's mass on the moon. 
Supposing the earth’s mass and external form to be the same as at present, 
the annual precession of the pole, as due both to the action of the moon and 
of the sun, would amount to nearly 55”; and the coefficient of the term ex- 
pressing the inequality in the moon’s motion would amount to about 10’. 

Again, if we suppose the removal of the superficial mass from the polar to 
the equatorial regions to take place without affecting the density of the re- 
maining portion of the mass, the resultant attraction of the sun or moon on 
that portion would still pass through the earth’s centre of gravity, and would 
consequently have no influence in producing the phenomena in question, 
which would therefore depend entirely, as in the former case, on the equato- 
rial protuberance. Hence, the mass of the earth and its ellipticity being the 
same in the two cases, the calculated lunar inequalities would be proportional 
to the densities of the equatorial protuberances, and the calculated preces- 
sional motions would be proportional to the densities directly, and to the mo- 
ments of jnertia inversely. In the first case the density is the mean density 
of the earth; in the latter, it is the superficial density; and these densities 
(art. 10) may be taken in the ratio of nearly 24 to1. The moments of inertia 
may be taken in the ratio of about 6: 5, taking the variable density as above 
(art. 10). Consequently, if the spheroidal form of the earth were due to the 
cause to which it is here assigned, the annual luni-solar precession would only 
be about 28”, and the coefficient of the lunar inequality about 4”. Their 
actual values, as established by observation, are respectively about 51” and 8”, 
presenting the discrepancies of about 28” and 4” respectively. 

In calculating the above amounts of the precession and the lunar inequality, 
assuming the hypothesis we are considering respecting the earth’s spheroidal 
form, it has been supposed that the general interior mass would retain its 
primitive density. This would manifestly not be strictly correct, since the 
density must necessarily be more or less affected by the removal of so large 
a mass from the pole, and its deposition about the equator. Let E, denote 
the modulus of elasticity for the solid matter of the earth before being sub- 
jected for an indefinite period of time to any more considerable pressure than 
that to which it would be subjected on the surface of the earth; and let E 
denote the modulus for the same matter after having been subjected for an 
indefinite period of time to that enormous pressure to which all matter at 
considerable depths below the earth's surface must be subjected. Then, 
without entering into the intricacies which would be involved in the general 
problem, it may be easily shown, at least for points not too remote from the 
surface, that if E = E,, the surfaces of equal density after the change in the 
earth's form would be approximately similar to the external surface ; but if, 
on the contrary, E be much greater than E,, the surfaces of equal density 
would remain approximately spherical, notwithstanding the change of pressure 
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due to the change of external form. If this latter be the true supposition, as 
it will probably be thought to be, the above calculated results will be approxi- 
mately true, and will furnish unquestionable evidence of the inadmissibility 
of the hypothesis we have been considering respecting the origin of the earth's 
spheroidal form ; for though the quantities we have to compare as the results 
of observation and the results of calculation are so small, the limits of error 
in the determination of them are too narrow to admit of even very much 
smaller discrepancies than those exhibited in the results stated at the close of 
the preceding paragraph, if the hypotheses on which the calculations are 
founded are true. 

These particular discrepancies, however, only prove the inadmissibility of 
the above mude of accounting for the earth’s spheroidal form, when we adopt 
the hypothesis above made respecting the primitive density of the terrestrial 
mass. If we should adopt some other hypothesis respecting that density, 
we might undoubtedly account by this theory, not only for the earth's 
actual form, but also for the other phenomena above mentioned. But it is 
to the necessity for such particular assumptions that I would here again direct 
attention, as I have already done at the close of the preceding article. In any 
theory which assumes the earth's primitive solidity, it is necessary to make 
some arbitrary hypothesis respecting its primitive law of density ; so that, in 
such theories as those discussed in this and the preceding article, while we 
admit the general principle of reasoning before laid down (srt. 77), in seeking 
for some secondary cause to which the earth's form may be attributed, we 
reject in a great measure the application of that principle with reference to 
the earth’s density ; since we can only profess to account for it in such theo- 
ries, by means of some particular and independent hypothesis adopted for 
the purpose. In the theory which admits the former fluidity of the earth, 
there is no such inconsistency. No assumption is there made respecting the 
primitive constitution or density of the terrestrial mass, for the fluid state is 
only assamed to have been some antecedent, and not necessarily its primitive 
state ; and the present density of the earth becomes as much the necessary 
consequence of physical causes as its form. The results also of this theory 
are all in perfect harmony with each other; and we can assert the undoubted 
adequacy of the causes assigned by it to produce the observed phenomena ; 
while, in the other theories we have discussed, a similar adequacy of causa- 
tion is, I conceive, extremely doubtful. 

If then we admit the general principle of reasoning above alluded to, it 
appears to me that the theory which asserts the former fluidity of the globe 
has a much stronger claim to our preference than any other. If, on the con- 
trary, we reject that principle as a guide in our speculations in these remoter 
regions of geological science, it would seem more consistent, in assuming the 
earth's original solidity, also to assume that its present spheroidal form was 
originally impressed upon it, as being that form which would alone admit of 
an admixture of Jand and sea in all latitudes, and which thus best adapts its 
surface to be the habitation of those animate beings which it has been des- 
tined to support. But it must be incumbent on those who adopt this view of 
the subject to explain why, in thus denying that the earth's form and density 
are to be referred to secondary causes, they reject, with reference to these 
phenomena, a principle of reasoning and interpretation which they admit with 
reference to geological phenomena in general, and without which, in fact, 
geology could have no existence as a physical science. 

14. Refrigeration and Solidification of the Earth's Crust—We may now 
proceed to consider the process of refrigeration and consequent solidification 
of the terrestrial mass; and for this purpose I shall beg leave to quote a part 
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of the preliminary observations from my paper entitled ‘ Researches in Phy- 
sical Geology,’ published in Part II. of the Transactions of the Royal Society 
for 1839. 

“In the first place, we may observe that there are two distinct processes 
of cooling, of which one belongs to bodies which are either solid or imper- 
fectly fluid, and is termed cooling by conduction, and the other to masses in 
that state of more perfect fluidity which admits of a free motion of the com- 
ponent particles among themselves. In this case the cooling is said to take 
place by circulation or convection. The nature of the former process has 
been ascertained with considerable accuracy by experiment, and the laws of the 
pheenomena have been made the subject of mathematical investigation, but of 
the exact laws of cooling by the latter process we are comparatively ignorant. 
It is manifest, however, that since time must be necessary for the transmission 
of the hotter and lighter particles from the central to the superficial parts of 
the mass, as well as for that of the colder and heavier particles in the opposite 
direction, the temperature must increase with the depth beneath the sur- 
face; and, moreover, that this increase will be the more rapid, the more 
nearly the fluidity of the mass approaches that limit at which this process of 
cooling would cease, and that by conduction begin, since the rapidity of cir- 
culation would constantly diminish as the fluidity should approximate to that 
limit. But still, even in this limiting case, it seems probable that the ten- 
dency to produce an equality of temperature throughout the mass will be 
much greater, and consequently the rate of increase of temperature in ap- 
proaching the centre much less, than if the cooling of the mass had proceeded 
by conduction during the same time, the conductive power being very 
small. 

“If the matter composing the globe was originally in a high state of fluidity 
from heat, the process of cooling would undoubtedly, in the first instance, 
be by circulation. The manner in which the transition will take place from 
this mode of refrigeration to that by conduction, depends on certain con- 
ditions, of which, in our speculations on this subject, it is important to form 
a@ distinct conception. 

“Since the heat increases with the distance from the surface while the 
mass is cvoling by circulation, the tendency to solidification, so far as it 
depends on this cause, will be greatest at the surface and least at the centre ; 
but, on the other hand, the pressure is least at the surface and greatest at 
the centre; and consequently the tendency to solidify, as depending on this 
cause, will be greatest at the centre and least at the surface. To estimate 
this tendency under the joint influence of these causes, it would be necessary, 
in the first place, to know the law according to which the temperature in- 
creases in descending from the surface to the centre, while the mass is cooling 
by circulation; and secondly, the influence of the temperature in resisting 
solidification, as compared with that of the pressure in promoting it. These, 
however, are points on which we possess at present little or no experimental 
evidence, and therefore the only conclusion at which we can arrive is this,— 
that if the augmentation of the temperature with that of the depth be so 
rapid, that its effect in resisting the tendency to solidify be greater than that 
of the increase of pressure to promote it, there will be the greatest ten- 
dency to become tmperfectly fluid, and afterwards tu solidify in the super- 
ficial portions of the mass; whereas if the effect of the augmentation of 
pressure predominate over that of the temperature, this transition from per- 
fect to imperfect fluidity, and subsequent solidity, will commence at the 
centre. 

“‘ If we suppose the former of these cases to hold, it would appear that no 
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incrustation of the surface could take place so long as any inferior portion 
of the mass retained its perfect fluidity, because as the superior particles 
should become condensed they would continually descend into the perfect 
fluid beneath, always supposing the mass in that state in which an increase 
of specific gravity would result from a decrease of temperature. The pro- 
cess of circulation would thus go on till every part of the mass should have 
lost that degree of more perfect fluidity, which admits of a motion of the 
particles among themselves being excited by their unequal refrigeration. 
The circulation, therefore, would cease nearly contemporaneously in every 
part of the mass, which would then begin to cool by conduction, rapidly at 
the surface exposed to the low temperature of the planetary space, and ex- 
tremely slow in the central parts, on account of the small conductive power 
of the matter composing the earth. Consequently the globe would consist, 
after a certain time, of an exterior solid crust, and interior fluid matter, of 
which the fluidity would increase in approaching the centre, where it might 
still approach to that more perfect fluidity which admits of cooling by con- 
vection. With reference, however, to the mechanical action of any forces 
producing either motion or hydrostatic pressure in the interior mass, the 
whole of it might, as an approximation, be considered perfectly fluid. No 
attempt has yet been made to determine the present probable thickness of 
the earth’s crust, assuming it to have been originally in a state of fluidity, 
on account of the difficulty already mentioned, arising from our ignorance 
of the influence of high temperature in resisting solidification, compared 
with that of great pressure in promoting it. All that has hitherto been 
determined on the subject is, that the present state of the earth's surface 
may be consistent with the existence of a solid crust, of which the thickness 
is small compared with the earth’s radius. 

‘‘ Let us now recur tu the other case above mentioned, that in which the 
increase of pressure in descending towards the centre of the mass is supposed 
to have a greater effect in promoting solidification than the increase of tem- 
perature in preventing it. Supposing the mass to have been first in a state 
in which every part was cooling by convection, this process would first 
cease, and that of cooling by conduction begin at the centre, while the supe- 
Fior portion would still continue to cool by convection, so that these two 
processes would for a time be going on simultaneously in different parts of 
the mass. It is manifest, however, that the central portion, cooling by con- 
duction, would constantly increase, while the exterior portion, cooling by 
convection, would constantly diminish, so that at length no part of the mass 
would be cooling by the latter process. Before it should reach this stage of 
the refrigeration, the central portion of a mass so large as the earth might 
become perfectly solid, so that at the instant when the circulation should 
entirely cease, the whole might consist of a solid central nucleus, surrounded 
by the external portion still in a state of fusion, and of which the fluidity 
would vary continuously from the solidity of the nucleus to the fluidity of 
the surface, where, at the instant we are speaking of, it would be just such 
as not to admit of circulation. 

“When the mass should have arrived at this stage of the cooling, a change 
would take place in the process of solidification, which it is important to 
remark. The superficial parts of the mass must in all cases cool the most 
rapidly, and now (in consequence of the imperfect fluidity) being no longer 
able to descend, a crust will be formed on the surface, from which the pro- 
cess of solidification will proceed far more rapidly downwards, than upwards 
on the solid nucleus. Consequently, then, our globe would arrive at that 
state, according to the mode of cooling we are now considering, in which it 
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would be composed of a solid shell, and a solid central nucleus, with matter 
in a state of fusion between them, the fluidity of which, however, would 
necessarily be leas than that which might exist in the fused mass very near 
the centre in the case previously considered. 

‘“‘ With respect to the thickness of the shell which may be consistent with 
the present appearances of the earth’s surface, the same conclusion will hold 
as in the former case, ¢. e. it may be small compared with the earth's radius. 
What would be the radius of the solid nucleus at the instant of the first in- 
crustation of the surface, or that which would correspond to any assigned 
thickness df the exterior shell, it is quite impossible to determine from the 
want of all experimental evidence respecting the tendency of great pressure 
to promote solidification at very high temperatures, and our ignorance of 
the temperature at which the superficial incrustation of a large mass would 
begin, when exposed to the temperature of the planetary space. It is, there- 
fore, manifestly impossible to decide by any such reasoning as the above, 
whether the exterior shell and solid nucleus are now united, or are separated 
by matter still in a state of fusion *. 

“Upon the whole, reasoning such as the above can lead us to nothing 
more definite than the following conclusions respecting-the actual state of 
the earth, assuming it to have once been in a state of perfect fluidity. 

“ (I) It may consist of a solid exterior shell and an internal mass in a 
state of fusion, of which the fluidity is greatest at the centre. It is possible 
that the thickness of the shell may be small compared with its radius, and the 
fluidity at the centre may approximate to that which would admit of cooling 
by convection. ; | 

“(2.) It may consist of an exterior shell, and a central solid nucleus, with 
matter in a state of fusion between them. The thickness of the shell, as well 
as the radius of the solid nucleus, may possibly be small compared with the 
radius of the earth. The fluidity of the intervening mass must necessarily 
be considerably more imperfect than that which would just admit of cooling 
by circulation. 

“‘(3.) The earth may be solid from the surface to the centre.” - 

In the preceding reasoning I have assumed the possible influence of great 
pressure in promoting solidification. We are unable, however, to appeal to any 
positive experimental evidence on the subject, and hence arises a yreat part 
of the uncertainty in the conclusions arrived at. I trust that this great defect 
in experimental research on a subject which has so immediate and important 
a bearing on geological theory, will not be much longer allowed to exist. 
The only experiments which I recollect as having any direct relation to the 
subject miglit appear, at first sight, to support the conclusion that solidifica- 
tion is not promoted by pressure. I allude to the celebrated experiments of 


©@ “'M. Poisson was, I believe, the first to advocate the hypothesis of the solidification of 
the earth having commenced from the centre, and has stated in general terms that, in such 
case, it would proceed to the surface which would be the last to solidify (Théorie de la Chaleur, 
p- 428). It is manifest, however, from what has been advanced, that this could not be lite- 
rally correct, but that the solidification must necessarily commence at the surface before the 
whole internal portion had become solid. The distinction is of little consequence as respects 
the object which M. Poisson had in view, but is of the highest importance with reference 
to geological speculation, because it shows that, supposing the earth once to have been fluid, 
it must be now, or have been at some antecedent epnch, in that state in which a solid exte- 
rior crust rests on an imperfectly fluid and incandescent mass beneath. It is important to 
know, that this state of the earth, assuming its original fluidity, is one through which it must 
necessarily have passed in the course of its refrigeration, whatever might be the process of its 
solidification.” 
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Sir James Hal]*, in which he succeeded in fusing several calcareous sub- 
stances. But in these cases the effect of pressure was manifested in the 
prevention of the escape of the carbonic acid, which being thus retained 
appears to have acted as a flux on the other portions of the substances 
which were experimented on. Thus fusion was in this instance promoted 
instead of being impeded by the pressure necessary to retain portions of the 
substance which would otherwise have been volatilized; but nothing was 
decided in these experiments as to the consequences of increasing the pres- 
sure far beyond that point, which is here the real question at issue. More- 
over, the substance acted on was so entirely different in its chemical con- 
stitution from the general igneous masses which probably form so large a 
portion of the globe, that no inference can be drawn respecting the effect of 
great pressure in the solidifying of those masses, from the experiments of 
which we are speaking. 

It should also be remarked with respect to the reasoning above given, 
that I have taken no account of that property of the fluid mass in conse- 
quence of which the interior generation of elastic gases is constantly-pro- 
ceeding, a property which I assume to belong to the primmval fluid mass, 
by virtue of the analogy which it is assumed to bear to existing volcanic 
masses. The obvious effect of this production of gases would be to retard 
the solidification. It would lengthen the duration of the process of cooling 
by circulation, and after that process had ceased with reference to the parti- 
cles of the mass iteelf, the gases would still impede the solidification by pre- 
venting the entire internal repose of the mass. I have stated in general 
terms that no incrustation of the surface would take place so long as the 
cooling by circulation continued, provided the loss of heat were accom- 
panied by an increase of density. In considering the process of soliditica- 
tion, however, more in detail, as I shall do in the sequel, we ought to regard 
this as only approximately true, since there is little doubt but that the cold 
of the external atmosphere would freeze the outer surface before the circu- 
lation had ceased in the interior of the mass. But before entering into any 
detailed consideration of the process of solidification, I shall speak of the 
evidence we possess, or may hope to obtain, respecting the general extent to 
which it has already proceeded. 

15. Thickness of the Earth's Solid Crust-—It has frequently been assumed 
by speculative geologists, not only that the central portion of the earth is 
fluid, as we have shown it may be, but also that the solid crust which enve- 
Jopes it does not exceed a few leagues in thickness; and on this assumption 
theories of volcanos, as we have seen, have been founded. In seeking for 
some determinate evidence on this point, on which our previous reasoning 
leaves us in perfect uncertainty, it occurred to me some years ago, that. it 
might possibly be found in the delicate but well-defined phenomena of pre- 
cession and nutation, of which I have already had occasion to speak. To 
state the more distinctly the problem which it was necessary to solve for 
this purpose, I may remind the reader that during the annual revolution of 
the earth, its axie doer not preserve a perfect parallelism in its different posi- 
tions, so that the point of the heavens to which it is directed at any time is 
not exactly the same as that to which it pointed at any previous epoch 
when the earth was at the same point of her orbit. This angular motion 
of the axis, though very slow, has been determined with great accuracy by 
astronomical observation. I have already stated it to be due to the cir- 
cumstance of the resulting force of attraction of the sun and moon on the 
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the hypothesis of the solid crust being as thin as here supposed, the pressure 
on the subjacent fluid cannot be less than the weight of the superincumbent 
crust, in which case the fluid lava would necessarily rise into any free canal 
communicating with it, at least to the level of the surface of the ocean. 
Under such circumstances it would be impossible for any column of water 
to obtain access to the general mass of the interior fuid by open canals. To 
suppose it could do so by percolation through crevices too minute to admit 
of fluid lava under enormous pressure being forced into them, and of being 
thus effectually closed, would seem to be too visionary to call for serious re- 
futation. I may also remark that the theory is altogether inconsistent, if I 
understand it correctly, with the fact of the surface of the fluid lava, in such 
volcanos as Stromboli and Kirauea, standing permanently at a great eleva- 
tion above the surface of the sea. 

In this theory it is assumed that the thickness of the earth's solid crust is 
exceedingly small compared with the earth's radius, and in the reasoning by 
which this assumption is attempted to be justified, pressure is assumed to 
have no influence in promoting solidification. On this latter point I trust we 
shall have before long better experimental evidence than we now possess; 
and as regards the assumption respecting the present thickness of the earth’s 
crust, I shall hereafter explain my reasons for considering it eutirely untenable. 

The remaining theory which I have to discuss is that which professes to 
connect the existence of actual volcanos with the assumed original fluidity of 
the globe, but independently of any particular assumption respecting the 
present thickness of its solid crust, or the fluidity of its actual central nucleus. 
But here our discussion must assume a far more general character than if it 
had reference merely to recent volcanos. I have in fact already intimated that 
the analogies between the phreenomena presented to us in nearly every district 
which has been subjected to violent disturbance, and those which are the 
immediate results of modern volcanic action, are such that it would be only 
in taking a narrow view of the subject that we could regard the theory of 
volcanos as independent of those by which we must explain the general phe- 
nomena of elevation. In proceeding therefore to a further discussion of the 
subject, our attention will not be limited to the explanation of volcanic phe- 
nomena. These phenomena have suggested to us certain hypotheses, which, 
for the reasons just assigned, we may regard as bases for a general theory of 
elevation. I shall now proceed, therefore, on the hypothesis of the former 
fluidity of the earth, and shall examine the consequences deducible from it, 
the degree of their accordance with the phenomena established by obser- 
vation, and the value of the evidence thus derived in favour of our funda- 
mental hypothesis, and the theory founded upon it. 


Section II. On the Form, Solidification and Thickness of the Earth's Crust. 


10. Form of the Earth.—In adopting the hypothesis of the earth’s former 
fluidity, the first point which presents itself for investigation is the form which 
its surface would assume in consequence of its rotatory motion and the mu- 
tual attractions of its component particles. Another point intimately con- 
nected with this, is the law of density according to which the particles of such 
a mass would arrange themselves when the whole should attain a state of equi- 
librium. These questions have been fully investigated by mathematicians ; 
the results arrived at are as follow :— 

(1.) The form of the external surface will be that of an oblate spheroid 
whose axis is that of rotation. 

(2.) All those points at which the density is the same as at any proposed 
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point within the spheroid form a surface passing through that point called a 
surface of equal pressure; all such surfaces (of which the external surface is 
one) are concentric and spheroidal, having their axes in the axis of rotation. 
The ellipticities are less in those more remote from the external surface. 

3.) Each surface of equal pressure is also a surface of equal density. 

4.) The density increases as we pass from one of these surfaces to an- 
other along any straight line from the surface to the centre. 

If the density of the whole mass were uniform, we should only require the 
time of rotation to be able to determine the ellipticity of the external surface ; 
but, in the case of the earth, the ellipticity thus calculated is much too large, 
proving that the density cannot be uniform, assuming always the truth of our 
fundamental hypothesis. We have no data, however, for determining more 
respecting the variation of the density than is above stated in (4). If 
the law which it follows were known, together with the time of rotation, the 
ellipticity of the external surface could be calculated ; but the law of density 
is essentially an unknown element of the problem, and mathematicians have 
therefore been obliged to assume a law, and leave the accuracy of the assump- 
tion to be proved, in common with any other hypothesis involved, by the 
general harmony of the results. This assumed law is represented, as is well 
a7? which expresses the density at any point of a surface of 


known, by A 


equal pressure and density, whose axis=a. By assigning a proper value to 
the constant g, we obtain a value of the ellipticity of the external surface co- 
inciding with that determined by observation. This accordance, however, 
unsupported by any other, would afford no conclusive proof of the earth’s 
former fluidity, since the result depends on an arbitrary assumption respect- 
ing the density, and therefore we must examine whether this assumed law of 
density which accords with the observed value of the earth’s ellipticity, also 
accords with other observed phenomena. Now with our assumed law of 
density we can calculate the ratio which the mean density bears to the den- 
sity at the surface; and the mean density has also been determined in the 
first instance by the experiments of Cavendish, and lately by similar experi- 
ments conducted by the late Mr. Baily with the most refined precautions 
against the influence of disturbing causes. The comparison of the theoreti- 
cal and experimental results shows that the same law of density which accords 
with the observed ellipticity of the earth, gives also a value of the ratio of the 
superficial and mean densities, which accords very approximately with the 
experimental determination of the mean density, and of that of the rocks 
generally composing the earth's surface*. 

The accordance between the results of observation and those of calcula- 
tion, with respect to the form of the earth and its mean density, seem to be 
as perfect as we could possibly expect, and we may therefore assert that this 
theory clearly accounts for the observed spheroidal form of the earth by the 
operation of natural causes f. 

11. There are also certain delicate but well-defined phenomena in the 
motions of the earth and moon, depending on the earth's oblateness, which 
afford evidence in favour of the above theory. I allude to the motions of 


* If we make gap ="% (aq being the value of a at the surface), the calculated ratio of the 


mean to the superficial density = 2°4225. The mean density according to Mr. Baily’s experi- 
ments = 5°675 (Memoirs of the Astronomical Society). This will exactly agree with the for- 
mer results if we consider the mean density of the earth at its surface to be 2°34. 

+ It is here assumed that the form of the earth has not sensibly changed during the pro- 
cess of solidification. There can be no risk of an appreciable error in this assumption. 
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perature of the interior of the globe to be due to its original heat. For in 
such case the increase of temperature in descending must be nearly propor- 
tional to the depth (as it is observed to be near the surface), so long as the 
ratio which the depth bears to the earth’s radius is sufficiently small; and the 
rate of increase determined by observation is such that the temperature at 
depths much less than the thickness of the solid shell according to the results 
above obtained, would probably be far greater than the temperature of fu- 
sion for the matter forming the crust of the globe, under the ordinary atmo- 
spheric pressure. In other words, the thickness of the solid crust would, in 
such case, be very small instead of being large, as it must be according to 
our previous determination. Allowing then the correctness of that deter- 
mination, and supposing that it should be hereafter determined by experiment 
that high pressure has no appreciable effect in increasing the temperature of 
fusion, we must necessarily conclude that the existing terrestrial temperature 
cannot be due to the earth’s original heat. But let us suppose that pressure 
does affect the temperature of fusion ; then as the depth increases we shall 
have with the increased tendency of heat to prevent solidification, an increased 
tendency of pressure to promote it, by rendering the mass fusible only at a 
higher temperature, and it is manifest, that if the lutter tendency always 
increase as rapidly as the former, the earth must be solid at all depths, as 
well as at the surface. We may consider the terrestrial temperature to in- 
crease by 1° Fahr. for 60 or 70 feet of depth; and in order that the tendency 
of pressure to promote solidification may increase at the same rate, the tem- 
perature of fusion for the terrestrial matter must increase by 1° for an increase 
of pressure on a square foot of surface, equal to the weight of a column of 
which the length is 60 or 70 feet, and the transverse section one square foot. 
If then the temperature of fusion for the matter constituting the globe 
should be found t0 increase by pressure at the rate of 1° Fahr. for an increase 
of pressure equivalent to that of about five atmospheres, we might conclude 
that the earth must be solid at least to those depths to which the terrestrial 
temperature may increase according to the law observed near to the surface. 

If the temperature of fusion increase at a more rapid rate than here stated 
with the increase of pressure, the above conclusion will @ fortiori be true; 
but if the rate were much more rapid, we should probably have the condition 
under which solidification would commence at the centre. In this case, 
after incrustation had begun at the surface, the earth would consist of a solid 
central nucleus, and a solid shell with fluid matter between them, as already 
explained, till the solidification should be complete. ‘The problem of preces- 
sion and nutation for this case has not been solved. It is a more compli- 
cated one, and the mathematical difficulties do not yield to the artifices which 
succeed in the case in which the central nucleus is fluid. This however is 
of little importance, because under the condition here assumed, and with the 
observed rate of increase of terrestrial temperature in descending, there could 
be no reasonable doubt of the earth’s entire solidity. 

The importance of the experimental determination of the influence of 
pressure in the process of solidification becomes here still more apparent 
than in the more general reasoning with which I have entered on this branch 
of our subject (art. 14). If this influence can be detected at all by experi- 
ment, it is probably considerably greater than that stated above as sufficient 
to justify the conclusion of the earth's solidity to a great depth, and there 
could, I conceive, in such case be little doubt as to the earth's entire soli- 
nity If, on the contrary, it should appear that pressure exerts no such in- 
fluence, or that it tends to resist solidification, as in the case of Sir James 
Hall's experiments, we must conclude, as above stated, that the interior tem- 
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perature of the earth cannot be due to its original heat. Whatever then 
may be the results of experiment on this subject, they must probably lead us, 
should they be sufficiently determinate, to cunclusions of the first importance 
in speculative geology respecting the state of the interior of the globe. 

17. Process of Solidification considered in further detail_—After having 
considered generally the process of the earth’s refrigeration and consequent 
partial or complete solidification, let us now examine this process somewhat 
more in detail, from the time when the superficial incrustation began. This 
incrustation may have constituted the very first step in the solidification, or 
it may have taken place after the formation of asolid nucleus surrounded by 
3 superficial fluid envelope, according as the solidification began at the sur- 
face or centre; but in either case, as I have already intimated, the super- 
ficial crust when first formed must necessarily have reposed on a fluid mass 
beneath. Let us conceive a thin incrustation to have been formed; the 

of the elastic would then be arrested, and their tension would 
See Contra Tt their elastic force should be sufficient to rupture 
the containing crust. Thus refrigeration would constantly tend to augment 
the thickness and strength of the crust, while the elastic vapours would tend 
to break it up, and, so long as the crust remained sufficiently thin, innume- 
rable dislocations would probably take place, but without leaving any dis- 
coverable traces behind them, on account of the dislocated masses, unlike 
stratified beds, having no character to indicate their original undisturbed 
positions. As the resisting power of the crust increased, and the elastic power 
. Of the gases diminished in consequence of diminished temperature, it would 
require longer periods of time for that accumulation of the vapours which 
would be necessary to give them elevating force sufficient to raise and dislo- 
cate the superincumbent crust. By the action of irregular causes, some por- 
tions of the crust would doubtless become more compact and unbroken, and 
others more dislocated ; eo that while the former might be able to resist the 
efforts of the elevating forces, the latter might long remain subject to re- 
peated disturbance and fracture. Moreover, when this distinction between 
the more tranquil and more disturbed portions of the solid crust should have 
been once established, other causes also would tend to perpetuate it. For 
the dislocated portions, while the crust was comparatively thin, would doubt- 
less contain many internal cavities, some of which would form receptacles 
for elastic vapours, and others by their communication with the external sur- 
face would act as volcanic vents; and thus the internal vapours would ascend 
with more active energy beneath the fractured portions of the crust than 
under those which remained comparatively unbroken. The formed 
beneath the unbroken crust would, in part at least, ascend obliquely towards 
the regions of easier escape, and thus while they would leave the upper part 
of the fluid mass immediately beneath the unbroken parts of the crust in 
comparative repose, they would assist in keeping the fluid mass under the 
dislocated portions of the crust in a state of greater ebullition. Under such 
circumstances, it is manifest that the solidification would proceed more 
rapidly beneath the undisturbed than beneath the disturbed portions of the 
crust, and the tendency would be to increase and perpetuate the distinction 
between them as above asserted. Moreover the eruptions of a paroxysmal 
character, which, it may be presumed, would take place from time to time, 
would not only produce a temporary interruption of the process of solidifica- 
tion, but would also destroy by a great disturbance of the mass in which it 
should occur, much of what might have been effected in the incipient stages 
of the process during a previous state of re 

The more rapid increase of thickness in the more undisturbed portions of 
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the solid envelope, would form what may be described as inverted hollows in 
its lower surface. Let us first take the hypothesis of a previously existin 
solid central nucleus. The thicker undisturbed portions of the solid she 
would become united with it by continued solidification, before the more 
disturbed parts would become so, and thus the hollows above mentioned 
would become cavities more or less determinate, bounded in all directions by 
solid rocks, and filled with fluid matter. Their horizontal dimensions might 
in the first instance be very large, but continued refrigeration would not only 
tend to diminish them, but also to divide each cavity into a number of smaller 
ones, by a process exactly similar to that by which these larger cavities were 
themselves formed from the general fluid mass, the position of each minor 
cavity being determined by the points in the roof of the larger one where 
previous fractures had left the most perfect volcanic vents. By a continua- 
tion of this process it is obvious that the superficial crust of our globe must 
at length arrive at what I conceive, for reasons above assigned (art. 2), to be 
its present condition, that of a solid mass containing numerous cavities filled 
with fluid incandescent matter, and either entirely insulated or perhaps com- 
municating in some cases by obstructed channels. 

The above explanation would manifestly be equally applicable whatever may 
have been the process by which the globe may be conceived to have arrived 
at the state above supposed previous to the commencement of the superficial 
incrustation,—that in which it consisted of a solid central nucleus with a fluid 
envelope. Poisson seems to have thought it probable that the earth had 
long lost all traces of its original heat, and that the present terrestrial tem- 
perature was due to the circumstance of the solar system having passed 
through a region of space in which the temperature was much higher than 
in that which the system now occupies. It would require an extension of 
the hypothesis which might perhaps considerably inerease the difficulty of 
admitting its probability, to suppose the superficial portions of the earth to 
have been thus reduced to a state of fusion; but whether we suppose this 
state of superficial fusion to have been produced by this or any other oon- 
ceivable cause, the validity of the above reasoning will remain the same. 

If we take the hypothesis of the solidification having commenced at 
the surface, the preceding reasoning (art. 16) will still be applicable to 
account for the solidification of the roofs and walls of cavities like those above 
mentioned, but we have here no previously existing solid nucleus to form 
their floors. The efficiency of the ascending vapours in preserving the 
fluidity immediately beneath the fractured portions of the crust will be at least 
as great in this case as in the former ; to account for the formation of a solid 
floor beneath the part of the fluid mass whose fluidity is thus maintained, we 
must assume that at a certain depth the pressure would be sufficient to pre- 
vent the generation and ascent of elastic vapours, though, by hypothesis, the 
effect of pressure ian preventing solidification must be much less in the case 
we are considering than in that of the preceding article. Admitting this 
assumption of a limit beneath which the pressure would prevent the forma- 
tion of elastic gases, it is manifest that the fluid mass below that limit would 
solidify when its temperature became sufficiently reduced, viz. when the so- 
lidification of the portions forming the solid walis of the cavity had reached 
that limit. At greater depths the solidification would not be interrupted by 
the causes hitherto specified, and would therefore (unless other and unknown 
causes should operate) produce a continuous solid mass, while above the 
limit just mentioned the solidity would be interrupted by portions of the mass 
still in a state of fluidity. 

According to the mode of solidification here contemplated (that in which 
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the process begins at the surface of the general mass), the effect of increased 
pressure at greater depths, in promoting solidification, must be /ess than that 
of increased temperature in preventing it, while the formation of solid floors 
to the internal cavities, according to the above reasoning, requires that the 
effect of increased pressure at greater depths in preventing the generation of 
elastic gases should be greater than that of increased temperature in pro- 
moting it. These assumptions may not be inconsistent with each other, 
though they may bé regarded, perhaps, so far opposed to each other as to 
diminish materially the degree of probability belonging to the theory which 
essentially involves them. The theory which supposes the solidification of 
the earth to have commenced at the centre, assumes the efficiency of great 
pressure both in promoting solidification and preventing the generation of 
elastic gases, and therefore involves no such possible inconsistency as that 
now indicated. | 

18. In the previous reasoning, as applied either to the case of the solidifl- 
cation beginning at the centre, or to that in which it begins at the surface, it 
is supposed that though the constant state of motion in which the superficial 
particles of the general fluid mass were maintained by the ascent and escape 
of elastic gases, ceased to be sufficient to preserve the fluidity at the surface 
at the time of the incipient superficial incrustation, still, that the same cause 
was sufficient at subsequent epochs to arrest, in a great degree, the process 
of solidification immediately beneath the dislocated portions of the crust. 
This may possibly present itself as a difficulty; but we may remark that the 
external temperature to which the external surface at the time of incipient 
incrustation would be exposed, would be very much lower than that to which, 
after the formation of a thin superficial crust, the portion of the fluid mass 
immediately beneath it would be exposed. Consequently a much less agi- 
tation of the fluid particles among themselves produced by the ascent of 
vapours, would suffice to arrest the process of solidification than that which 
would be necessary to prevent its commencement. Again, previously to the 
superficial incrustation, the elastic vapours would have an equally free egress 
from every point of the general surface, whereas, after the formation of a 
crust, this egress would be restricted to particular localities to which the 
ascending streams of vapours would converge in their ascent, and thus be- 
come by their union more effective in arresting solidification in those locali- 
ties, as already explained. At later periods, also, another change in the 
conditions of the mass would take place, which might be of considerable im- 
portance. When the solidification of the surface began, the whole of the 
present fluid matter on the globe must have existed in a gaseous state in the 
form of an atmosphere, producing at every point of the surface a pressure 
enormous as compared with the present atmospheric pressure. Allowing, 
therefore, the influence of pressure in preventing the generation of elastic 
vapours, it is very possible that incrustation might take place at a much 
higher temperature than that which is now necessary to preserve fluidity in 
existing volcanic masses. | 

Another cause may possibly have been effective also in preserving the : 
masses of fluid matter which constitute existing volcanos. It would appear 
to be not improbable, that the more fusible portions of the general terrestrial 
mass would have, on the whole, a smaller specific gravity in their state of 
fusion than those portions which were less fusible, in which case there would 
be a necessary tendency to the accumulation of the more fusible parts under 
those portions of the solid crust beneath which the ascent of elastic vapours 
was most active and longest continued. Existing volcanos may possibly be 
due in some degree to such accumulations. 


no ee? 
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19. Hypothesis of the former nebulosity of the Selar System-—To those who 
are disposed to admit the adequacy of the evidence in favour of the former 
fluidity of the earth, another question will naturally present itself,—-Was the 
state of fluidity its primitive state, or did the matter composing it pass from 
an anterior gaseous state to the state of fluidity above contemplated? If that 
matter was once combined with a quantity of heat sufficient to hold it ina 
state of fusion, why should it not at a previous time have. been maintained 
by still greater heat in the state of an elastic vapour? The one hypothesis, 
considered merely as such, is as admissible as the other; but here we should 
be careful to observe the difference between the force of the evidence above 
adduced in support of the one hypothesis, and the want of all equally distinct 
evidence in confirmation of the other. Ido not speak of this want of evi- 
dence of the former gaseous form of the matter of the earth, or rather of that 
composing the whole solar system, as necessarily arising from the nature of 
the case, as if, for instance, the transition from this hypothetical to the pre- 
sent state of the system were apparently opposed to well-established physical 
principles ; but I would assert, that no one has yet been able to explain 
distinctly, and otherwise than hypothetically, how, in accordance with phy- 
sical principles, and by the operation of known causes, that transition could 
be effected. Whatever disposition, therefore, we may feel in favour of the 
hypothesis that the whole solar system was once a nebulous mass, that opi- 
nion should be held with the reserve which ought to be inspired by the im- 
perfect evidence on which it is at present founded. 

The hypothesis in question has derived some support from the analogy 
which has been conceived to exist between the state of the solar system which 
it supposes, and those nebulous masses observed in such numbers in the dif- 
ferent regions of space. So far, however, as this support has been derived 
by extending the analogy to existing nebulosities generally, it has doubtless 
been weakened by the fact, that the more our telescopic power of. vision has 
been perfected, the greater has been the number of nebulz which have been 
proved to be resolvable into distinct stars; and also by the inevitable infe- 
rence, that others only wait to be so resolved till our telescopic power shall 
be adequate to the task. It is not my object, however, to enter further into 
the discussion of this point. I have proceeded thus far only to show that 
the hypothesis of the former nebulosity of the solar system rests at present 
on evidence too vague and imperfect to admit of our deducing from it any 
argument in favour of the former fluidity of the earth, the validity of which 
is comparable with that of the argument drawn from the exact accordance of 
the calculated and measured ellipticities. If the analogy with all exist- 
ing nebulm were destroyed by resolving them, the evidence in favour of 
former fluidity would, I conceive, be scarcely weakened in a sensible degree. 
At the same time, it should be observed, that that evidence would undoubt- 
edly be corroborated if the primitive gaseous form of our system could be 
supported by evidence like that on which the supposition of its former fluidity 
rests,—evidence derived from the strict demonstration that the passage from 
the gaseous to the present state of the solar system would be the necessary 
consequence of the operation of physical causes acting under determinate, 
and, at least, probable conditions. 

The exposition which I have given in this section constitutes, I believe, 
the first attempt to explain distinctly by the operation of simple causes the 


mode in which existing vglcanos may be conceiyed_to.have.onigipated in the 
fuid mags which ee ed to have formerly consti lobe. It must 
be recollected, however, that, supposing the accuracy of the general reason- 
ing to be admitted, the validity of our conclusions still depends on the truth of 
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assumed conditions. Jt has been one principal object of this part of my Re- 
port to indicate distinctly as I have proceeded what those conditions are, and 
the nature of the experiments by which we may hope to test their admissi- 
bility. It is only by a mode of investigation in which the introduction of 
error is to be sought in the assumed conditions, and not in the general rea- 
soning by which we deduce our results, that we can hope to arrive at any 
real approximation to demonstrative truth. 


Part I1.—On the Effects of Subterranean Forces on the Solid Crust of the 
| Earth. 
Section I. Theories of Elevation. 

The theory of elevation which I shall now proceed to explain may be 
regarded as independent of the speculative views which have been developed 
in the first Part of this Report, if we commence with certain hypotheses re- 
specting the constitution of the superficial portion of the earth's mass. With 
this view of the subject, the fundamental hypothesis would be, that portions 
of the solid crust of the earth, which, in some cases, were of large horizontal 
dimensions, had reposed, at some past epochs, on fluid matter capable of 
exerting an expansive force on the superincumbent solid masses sufficient to 
elevate and dislocate them. The superficial boundaries of each particular 
area which has thus been elevated, are supposed to have been determined 
either by the greater thickness and consequent stability of the crust beyond 
the limits of the disturbed district; or by the boundaries of the fluid masses 
themselves, supposing them to have existed as internal lakes without free 
intercommunication through a general fluid nucleus, or by other means. It 
is immaterial to this theory how this state of the globe may have been pro- 
duced, whether it was a primitive state or one derived from an anterior state 
by the operation of natural causes. It is desirable I think, in the actual 
state of geological knowledge, to place the theory in this distinct and inde- 
pendent point of view. At the same time we should deprive the science of 
some of its most interesting speculations, if we were to assume the non-exist- 
ence of physical causes active in producing physical phenomena, at epochs 
anterior to that at which we are here commencing in the history of our 
planet. 3 | 
§ Primary Phenomena of Elevation. 

20. State of Tension of the Elevated Mass.—It is not essential to this 
theory that we should suppose the subjacent fluid to have been confined to 
internal lakes; it is only necessary that portions of the crust around the con- 
fines of the disturbed district should have been sufficiently firm to resist the 
effect of the elevating forces which dislocated the thinner and weaker part 
of the crust within the boundaries of the elevation. The condition however 
may perhaps be more distinctly conceived if we suppose the fluid mass to 
have- been contained in determinate and separate cavities, though it might 
be equally well satisfied by the state of the internal surface of the solid crust 
described in articles 16 and 17, previous to the’ completion of a distinct 
cavity by the formation of solid floors. 

Supposing the subjacent fluid to expand by the generation of elastic 
vapour, the portion of the crust within the boundaries thus defined, would 
be acted on by the expansive force of the fluid, producing a hydrostatic 
pressure, which would be approximately equal at every point of the lower 
surface of the solid mass elevated by it, supposing the elastic force of the 
fluid to increase by the continuous and not by the sudden and instantaneous 
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generation of the elastic vapour, eo that the action of the foree should not 
assume the character of an explosion. The portion of the solid crust acted 
on may, as a simplification of the problem, be first considered of uniform 
thickness and of uniform density. 

Under these conditions the crust, when acted on by a sufficient fluid pres- 
sute beneath, would first be elevated through a certain space without dis- 
location, since it would possess some degree of extensibility. Let us conceive 
it elevated into that position in which it should be just on the point of dis- 
location, so that by the smallest additional elevation fissures would begin to 
be formed. The boundary of the elevated district would then be strictly 
defined by the line beyond which the crust had suffered no sensible disturb- 
ance, and which may be regarded as identical with the superficial line which 
would mark the boundary of the internal lake. Under these circumstances 
the case presents to us a determinate mechanical problem. The principal 
points which offer themselves for determination are those connected with 
the tension to which the mass would become subjected by its elevation. 
With respect to this tension there are certain general propositions which 
would hold independently of the particular conditions of the problem, and 
of which it is important to have a distinct conception, both in the present 

roblem and in one which will present itself to us in the following section. 

o explain these propositions, as far as may be necessary for our immediate 
purpose, conceive a plane of indefinitely small given area (6) to have its mid- 
dle point coincident with any proposed point (P) in the interior of a solid 
mass having some degree of extensibility, and ina state of constraint, like 
that, for instance, of our elevated mass. The particles in contact with each 
other, but on opposite sides of this small geometrical plane, will act on each 
other, and the resulting force between them ma represented by ps. 
The force p and the angle which its direction makes with a rpendicuiar 
to the plane will vary with the angular position of the plane; but there are 
always three positions of the plane in which the direction of the force and 
the perpendicular to the plane will coincide. The three corresponding 
directions of the perpendicular are called principal directions, and the three 
corresponding values of p are called principal tensions or pressures, These 
directions are perpendicular to each other; and of the principal tensions, one 
is always a maximum, and another a minimum, with reference to the dif- 
ferent values of the tensions at P, in different directions through that point. 
In the case of the elevated but still unbroken crust above-mentioned, two of 
the principal directions, one of which would be the direction of maximum 
tension, would be approximately parallel to the surface and the third per- 
pendicalar to it. 

21. Formation of Fissures-—~In considering the formation of fissures, 
which are here termed the primary phenomena of elevation, we must direct 
our attention to that state of the uplifted mass in which it is just on the poins 
of dislocation, which would be the case at the instant when the maximum 
tension at some point (P,) just became equal to the cohesive power at that 
point. Ifthe tension were then increased by any indefinitely small quantity, 
the cohesion would be overcome, and a fissure would begin to be formed; 
and it is sufficiently manifest that a plane perpendicular to the direction of 
maximum tension at P, would be a tangent plane to the fissure, or what we 
may term the plane of the fissure at that point. Thus, if the direction of 
maximum tension at any point where a fissure begins were known, the plane 
of the incipient fissure would be also known. Such planes in the particular 
case before us would be approximately vertical, since the direction of maxi- 
mum tension would be approximately horisontal. 
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The points at which the formation of fissures would begin will frequently 
not be -determinable by calculation, because there might be an indefinite 
number of points at which (under the assumed condition of the perfect 
homogeneity of the mass) the maximum tension might become equal to the 
cohesive power at the same instant, in which case a fissure would be just as 
likely to n at one of these points as another. In actual cases, where the 

ition of homogeneity could only be approximately satisfied, the points 
of incipient dislocation would be partly determined by accidental circum. 
stances. The planes of such dislocations at any assigned point would, as 
above explained, be strictly determinate in position. 

The direction of propagation is the next point to be considered in the 
formation of fissures. When a fissure had begun to be formed there would 
be a very rapid modification of the state of tension in its immediate neigh- 
bourhood, but if the fissure should be propagated through portions of the 
mass in which the maximum tensions at every point had become nearly equal 
to the cohesive power, previously to the commencement of any dislocation, 
it is easily shown that the position of the plane of the fissure at every point 
(P), through which it would be propagated as well as at the point (P,) at 
which it would commence, would be at least approximately perpendicular to 
the direction of maximum tension at (P), at the instant before the formation 
of the fissure began at P,. Hence the direction of maximum tension at 
each point being known at the instant previous to the commencement of 
fracture, the position of the fissure subsequently formed could be very ap- 
proximately determined. The velocity with which the fissure would be pro- 
pagated in such case would be very great. 

The intensity of the instantaneous tension at any point of the masse would 
be different for different directions through that point, and would vary con- 
tinuously with the variation of direction, from its maximum to ite minimum 
value. If there should be little difference between the t and least 
tensions, the tendency to form a fissure would not be much greater in one 
direction than in another, and therefore the direction of a fissure might, in 
such case, be easily affected by accidental circumstances, which, on the con- 
trary, would have comparatively little effect if the maximum were much 
greater than the minimum tension at each point. In the former case the 
permanence of direction in the fissure would be much smaller than in the 


If the cohesive power of the mass should vary in pasein 
from one point to another, but should remain the same in all directions 
through each point, the position of a fissure would be the same as if the 
cohesive power were the same for every point. Neither would the position 
be affected by a discontinuous variation of cohesive power along planes per- 
pendioular to the direction of maximum tension. Thus, if the fissure were 
propagated vertically, it would not be affected by the discontinuous varia- 
tion of cohesion in passing from one horizontal bed to another. If there 
were an internal surface of partial extent, at each point of which the cohe- 
sion should be lees than in the general mass, a fissure, in its progressive 
formation, might pass along such surface of discontinuity, but would imme- 
diately after tend to resume its original direction, especially if the maximum 
tension at each point were much greater than the minimum. If there were a 
great number of internal planes and surfaces of discontinuity without any 
predominant direction, they would give a sigzag character to the fissure, but 
without sensibly affecting its general direction. If, on the contrary, they 
should have a predominant direction, as in the case for instance of a single 
system of parallel joints, they would produce a deviation in the general 
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direction of the fissure towards the predominant direction of the planes of 
discontinuity. 

22. Formation of Systems of Fissures-—I have already remarked that 
from the instant a fissure should commence, a modification of the state of 
tension of the mass in the immediate vicinity would take place almost txstan- 
taneously. <A similar modification would be propagated very rapidly to 
points more remote, but still a finite time would be requisite for this pur- 

The formation of the fissure would, in fact, cause a vibration like 
those which will be fully described in the succeeding section, and the corre- 
sponding modification of the tensions would be propagated with the same 
velocity as the vibration itself. Now let us conceive two fissures to com- 
mence simultaneously at two different points in a straight line, which we 
will suppose to coincide with the direction of maximum tension at each 
point. The velocities of propagation of the two fissures, as already stated, 
would generally be very great, exceeding possibly that of a vibration, and 
therefore, if these velocities were nearly equal, either fissure would arrive at 
each point through which it would be successively propagated, before the 
tension at that point could have been relaxed by the formation of the parallel 
fissure. If, on the contrary, the velocity of propagation of one fissure should 
be considerably greater than that of the other, the tension on either side of 
the one formed most rapidly, might become so relaxed at points through 
which the one formed more slowly was tending to pass, that the propagation 
of the latter fissure might be entirely arrested. If, instead of two fissures, 
any number should commence simultaneously, the same remarks would 
apply to their propagation; and thus we may conceive the simultaneous 
formation of a system of fissures characterized by a degree of parallelism to 
each other, dependent on the parallelism which existed between the direc- 
tions of the maximum tensions at different points at the instant previous to 
the incipient dislocation of the mass. 

Immediately after the completion of this system of fissures, it is manifest 
thut all tension in directions perpendicular to the plane of a fissure and in 
its immediate vicinity, would be destroyed; and therefore (assuming the 
absence of pressure in this stage of the process of elevation) the direction of 
maximum tension there would then become parallel to the fissure. Conse- 
quently, if the tension should go on increasing in consequence of a continua- 
tion of the elevation, till it became greater than the cohesion, another system 
of fissures might be formed, such that each fissure should be approximately 
perpendicular to each fissure of the previous system at the point of their in- 
tersection. 

We may here remark that the formation of systems of fissures as above 
described, would be most likely to take place in those cases in which, at the 
instant of the formation of the fissures, the elevation should be as rapid as 
should be consistent with a continuous, as distinguished from an explosive 
action of the elevating force. 

28. Application of the Theory-—The most defective part of the theory, 
considered as a mechanical theory, consists in our inability to determine by 
accurate mathematical investigation, the principal directions of tension for 
any but the most simple forms of the boundary of the elevated district. In 
a geological point of view, however, the defect is of little importance ; for 
knowing the principal directions in certain simple cases, we can obtain them 
by inference in such more complicated cases as usually present themselves, 
to a degree of approximation sufficient for all geological purposes. Thus 
suppose the elevated district bounded by two parallel straight lines, and to 
be of indefinite length. It is manifest, assuming as heretofore the homo- 
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geneity of the mass and the uniformity of the elevating pressure, that the 
principal directions would be parallel and perpendicular to the axis of the 
district, the former being that of maximum tension, and the latter that of 
minimum tension, which, in this instance, would be zero. Consequently 
the system of fissures first formed in this case would be itedinal or 
parallel to the axis of the elevation. Again, if the boundary of the elevated 
district were circular, it is sufficiently manifest from the conditions of sym- 
metry, that one principal direction at any point would lie in a vertical sec- 
tion through that point and the summit of the elevation; and another would 
be perpendicular to that section. If the vertical axis of the elevation should 
be perforated, as in the case of a volcanic mountain by its vent, it is easily 
seen that, in the higher part of the elevation, the tensions in the latter direc- 
tions would be the most efficient in forming fissures, of which a system 
ight thus be formed radiating from the central point of the elevated mase. 

f the area of the elevated district be bounded by an oval more or less 
elongated, the case will be intermediate to the two former above considered ; 
and it is not difficult to see that the two principal directions of tension 
would not generally be parallel and perpendicular to the longer axis of the 
district as in the first case, nor would they be exactly like those in the 
second, but would form two systems of lines of an intermediate character. 
This would also be true with respect to the resulting systems of fissures. 
Moreover, as in the two first and extreme cases, the two systems of fissures 
(if both were formed) would coincide, the one with the dip and the other 
with the strike of the elevated beds, a¢ the instant when their ion com- 
menced ; 30 the intermediate character of these systems in the intermediate 
case of the oval area will render the same rule approximately applicable to 
that case also. | 

If the irregularities in the line of boundary of the elevated district be great 
in proportion to its whole area, it is impossible to lay down any general rule 
for the directions of the fissures. The influence however of irregularities 
of the boundary is not likely to be very sensible throughout the whole cen- 
tral portion of an extensive disturbed area, to which therefore the above rule 
will generally be applicable. 

But here it may be asked, how are the directions of the dip and strike at 
the instant of incipient formation of the fissures to be determined. In 
answer to this it should be observed, that the general directions of the dip 
and strike of the beds at the epoch just mentioned would depend, in the 
assumed absence of considerable difference of intensity of the elevating force 
at different points, on the form of the boundary of the elevated area, and 
can be approximately determined when that form, provided it be not too 
irregular, is known. We may also observe that the continuance-of the ele- 
vation after the formation of the primary fissures, whatever might be the 
local effects, would not generally affect in any great degree the mean strike 
of the elevated beds, which would always tend to parallelism or perpendi- 
cularity to the two primary systems of fissures respectively. The formation 
of anticlinal ridges might alter the magnitude of the dip, or might reverse 
its direction, but these circumstances will not affect the application of the 
preceding rule. 

Hence then it may be laid down as an approximate rule of very general 
application, deducible from the theory we have been developing, that tivo 
systems of fissures may result from the simultaneous elevation of an extensive 
area, and such that the mean direction of the fissures in one system, at any 
point of that area, shall approximately coincide with the mean direction of the 
strike, and in the other system with that of the dip of the elevated beds at the 
Proposed potnt. 
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The more nearly the elevating force shall have acted with uniform inten- 
sity, the more approximately will the above rule be applicable. If the force 
should act with greater intensity, or the resistance to it should be leas, at 
particular points of the elevated district, it forma a part of the general inves- 
tigation to determine the consequent variations in the directions of the pri- 

fissures, I shall not enter however into any discussion of this part of 

the problem; the details already given will suffice to explain the general 

principle on which this Theory of Elevation is founded. I shall merely 

observe with respect to these variations in the directions of the primary 

fissures, that they will usually be such as still to render the preceding rule 

approximately applicable, though the approximation may be less accurate in 
is than in the case of uniform intensity of the elevating force. 


§ Secondary Phanomena of Elevation. 


94. The formation of anticlinal ridges and valleys, faults, dykes, &c., by 
the continued action of the elevating force after the-primary dislocation of 
the uplifted mass, is easily conceived. The fissures, as already stated, are 
the primary phenomena; the secondary phenomena are such as those just 
mentioned. Their distinctive characters will obviously depend in a great 
measure on the fissures from which they are derived. The same parallelism 
which, as I have shown, must frequent! characterize systems of fissures, or 
the divergency which will distinguish them in particular cases, will equally 
characterize the secondary phenomena derived from them, and the law above 
enunciated connecting the directions of fissures with those of the dip and 
strike of the elevated beds, will be equal applicable to faults, dykes, mine- 
ral veins, &c. Though such laws may be requently masked in some de- 
gree by the operation of irregular causes, the careful observer may always 
expect to find them more or less distinctly developed. For examples of the 
application of the theory to the explanation of such secondary p senomena 
as those above mentioned, I may refer to my memoir ‘ On the Elcvation of 
the Weald and Bas Boulonnais, vol. vii. of the Transactions of the Geolo- 
gical Society, and to a paper ‘On the Elevation and Denudation of the 

ke Districts of Cumberland and Westmoreland,’ read before the Geologi- 
cal Society some time ago. 

Though it is unnecessary to dwell on the theoretical explanation of the 
mote common of the secondary phenomena, there are a few to which, as 
being of more difficult explanation, I may here direct attention. 

25. Relative Displacement of stratified Beds at a Fault.—There is a pat- 
ticular character in faults which has been observed to exist very generally. 
Mr. Phillips, I believe, was the first geologist who distinctly recognized it, 
though it has long been known in many mining districts. It consiste in 
the relation which the relative posi- 
tions of the two portions of the same 
stratified bed on opposite sides of a 
fault, bear to the plane of the fault. 
Let EF represent the section of a fault 
by a vertical plane perpendicular to its 
general direction; PQ and Q'P’ the 
two portions of the dislocated bed. 
Then, that portion of the bed which is 
the higher of the two, is usually on 
that side towards which the fault in- 
clines in ascending, as represented in 


the diagram. 
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To account for this law, let fig. 2 represent a vertical section of an ele- 
vated district, perpendicular to the direction of the longitudinal fissures, at 
the instant the formation of those fissures is completed, and previous to apy 
relative displacement by further elevation. The planes of the fissures will 


Fig. 2. 


BAR 


seldom be exactly vertical, and would generally meet if sufficiently produced. 
They will consequently divide the mass into complete or truncated wedges. 
Under these circumstances it is evident that the subjacent fluid, by the intu- 
mescence of which the elevation is supposed to be effected, will exert a 
pressure on the wedge-like portions whose broadest end is downwards, 
greater in proportion to their mass, than on those whose narrowest end is 
downwards, while no direct pressure of the fluid may act at all on those 
portions which form complete wedges. Consequently the continued action 
of the elevating force will produce a relative elevation of those portions of 
the mass which present the broader surfaces to the fluid pressure, and the 


whole will immediately assume the form represented in fig.$. These rela- 


Fig. 8. 


tive displacements, after the levelling of tha surface by denudation, will 
be shewn by the relative positions of different portions of a stratified bed 
a 6 ¢, originally continuous as in fig. 2, but broken by the faults as in fig. 3. 
It will be observed that the relative positions of the different portions of the 
broken line a 6 ¢, follow the law above enunciated. 

26. Horizontal Pressure——The preceding case affords an instance of the 
manner in which a horizontal pressure of great intensity might be pro- 
duced without any great vertical elevation. After the formation of the 
fissures, a oertain quantity of the elastic vapour, which is assumed to have 
produced the intumescence of the subjacent fluid, would almost necessarily 
escape, and thus destroy ina greater or less degree the fluid pressure be- 
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neath. The general elevated mass would thus tend to descend by its own 
weight, but would manifestly be unable to subside into its original position 
on account of the relative displacements of its wedge-like portions. If the 
fluid pressure should be entirely removed, and the whole mass, er 
with its lateral abutments, should be sufficiently firm, it would be supported 
on the principle of the arch. In this case an enormous horizontal pressure 
would be produced. Generally, the fluid preseure might probably be only 
partially destroyed; the more it should approximate to the extreme case just 
mentioned, the greater would be the horizontal pressure, which might thus 
become much greater than the vertical pressure to which any portion of the 
uplifted mass could possibly be subjected. 
If the elevation should be continued to a much greater extent than sup- 
posed in the above case, the fissures would be widened, and afford room for 
ar more irregular and varied modes of subsidence after the great effort of 
the elevating force had ceased, than would be possible in cases of smaller 
disturbance. Let fig. 4 represent a transverse section of a disturbed district 
across three primary longitudinal fissures, nearly at the instant of its greatest 
elevation, and therefore previous to any considerable subsequent subsidence. 


Fig. 4 


If the intumescence of the subjacent fluid, and consequently its supporting 
power, were immediately afterwards diminished by the escape of elastic 
vapours, there would be an immediate subsidence, which, in cases of vio- 
lent disturbance, would probably be governed in a great degree by acci- 
dental circumstances. Thus it might happen that the two central portions 
should be so brought in contact with the neighbouring lateral portions about 
the points N and N’, as to be prevented from subsiding except by turning 
round those points as pivots, the lateral portions receiving some accidental 
support not afforded to the central ones. In such case the two central 
masses would be brought into contact at M. If the masses should be nearly 
equal, similar, and similarly situated, the resultant pressure between them 
would be approximately horizontal. Let MR be the direction of the pres- 
sure on the mass PS, and NQ a perpendicular on MR. Then the support- 
ing power of this force would be measured by the product of the force and 
line NQ. Also, if G be the centre of gravity of the mass PS, GH vertical, 
and NK perpendicular to GH, the tendency of the weight of the mass to 
cause it to subside by turning round the point N, will be measured by the 
product of the weight and the line NK; and so long as this product should 
be greater than the supporting power of the pressure at M (omitting any 
support which might still be derived from the subjacent fluid), the masses 
PS and P’S' would continue to subside. The further they should subside 
before they attained their position of equilibrium, the greater would be the 
intensity which the pressure at M would acquire. Suppose fig. 5 to repre- 
sent the final state of subsidence. The weight of the mass PS would be 
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Fig. 5. 


4 


the same as before, and the line NK would remain nearly so, but NQ 
might be very much diminished. If NQ thus became much smaller than 
NK, the pressure at M would become much greater than the weight of 
the mass, since, when there is equilibrium, the pressure at M multiplied by 
NQ must be equal to the weight of the mass multiplied by NK; #.e. the 
horizontal pressure between the central masses, would be to the weight of 
either, as NK is to NQ, a ratio which, by the continued subsidence of the 
point M, might evidently become indefinitely great. 

In the preceding explanation I have supposed the two masses PS and 
P'S’ equal ; but the efficacy of the mechanical action at M to produce the 
angular displacement of one of the masses (as PS) might be much increased, 
if we supposed the other mass much greater than PS. This case, or one 
at least strictly analogous to it, will perhaps be best represented by fig. 6, 


Fig. 6. 


where one mass only (PS) is supposed to exist between the two great lateral 
compressing masses. In this case the direction of the action and reaction 
between the masses in contact at M, would not necessarily be horizontal, 
but, under certain conditions, would be such as represented by the line 
MR (fig.6), so that the perpendicular NQ might be very much less than 
if MR were horizontal. In this case, the power of the force acting along 
MR to support the mass PS ina given angular position would be much 
diminished, and could not, unless of enormous intensity, resist the tendency 
of gravity to turn the mass round the point N. The mechanical action, 
both in this and the preceding case, it will be observed, is precisely that in 
which consists the principlé of the Stanhope press. If NQ became small 
enough, equilibrium would be impossible without other support than that 
here contemplated, and the angular movement of the mass (PS) might be 
such that the planes of stratification should become vertical, or should even 
agssunie a reversed position. 
1847. F 
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In these explanations the elevated mass may be supposed to have been 


- fissured, either previously to the movement which we have been more espe- 


cially considering, or during that movement. If they were formed, as they 
might be, by the subsidence, and not during the elevation, those at A and 
A! (figs. 4, 5), and that at A (fig.6) would commence at the surface, and 
would be propagated downwards only to a certain depth, beyond which 
the horizontal pressure would prevent their further progress. The fissure at 
S (figs. 4, 5,6) would proceed from below upwards, till their propagation 
should be arrested in like manner by the horizontal pressure. In such 
cases, if a sufficient quantity of matter should be subsequently carried away 
by denuding agents, the external surface might be left without any trace of 
such fissures as those at A and A’, but presenting all the effects of intense 
horizontal pressure without vertical dislocation in the portions of the mass 
n which those effects would be exhibited. 

It has already been intimated that it is necessary to suppose the lateral 
masses respectively on the left of AN and on the right of A'N’ (figs. 4, 5) 
to have been better supported at the instant of their highest elevation, 
than the intermediate portions; and the same supposition is necessary in 
the case represented in fig. 6, with reference to the mass on the left of 
AN. It should be remarked, however, that the support required would only 
be necessary for the extremely short time (a few minutes, or possibly a few 
seconds only) necessary to determine the manner in which the subsidence 
would take place. This instantaneous support may probably be best re- 
ferred to accidental causes. 

It may perhaps be thought that the supposition of great subsidence imme- 
diately consequent on great elevation, is not essential to account for the 
effects attributed to subsidence in the preceding explanations, since these 
effects might be referred to the direct action of the elevating force. But, 
in order thus to account for those effects, it would seem necessary to sup- 
pose the elevating force to have acted with much greater intensity along 
certain lines than along other lines very near and parallel to them. Thus, 
for example, in the case represented in fig. 5, it would be necessary to 
make the supposition (or an equivalent one) that the force had acted with 
much greater intensity along the two anticlinal lines perpendicular to the 
plane of the section and passing respectively through A and A’, than along 
the intermediate synclinal line through M—an hypothesis so restrictive and 
arbitrary as to render any theory reposing on it of no value as a physical 
explanation of the phenomena of elevation. The explanation above given 
requires no such restrictive hypothesis, but merely assumes the instanta- 
neous influence of thoee local and irregular causes which must always be 
called into action in mechanical operations like those we are considering. 
It should also be recollected, that in the theory more immediately before us, 
the agency by which elevation has been usually produced, is supposed to 
have been that of an intumescent fluid mass, a supposition so strongly sanc- 
tioned by numerous observed phzenomena, that no point of geological theory 
can, perhaps, be regarded as more completely established ; in such case, any 
law of linearity in the action of the elevating force, like that above men- 
tioned, would seem to be impossible. Moreover, the theory appeals to ex- 
isting volcanic masses as affording by analogy the strongest reason to believe 
that the intumescence of the fluid mass must have been due to the elastic 
gases generated within it; and it also appeals, in support of the same con- 
clusion, to the absence of any other cause hitherto suggested, adequate to 
produce the intumescence in question. But if these hypotheses be admitted, 
subsidence immediately after considerable and sudden elevation must be re- 
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garded as almost a necessary consequence of such elevation, and not as an 
arbitrary and independent assumption ; for the escape of the elastic vapours, 
and frequently of the intumescent fluid itself, through the fissures of the up- 
lifted mass, could scarcely fail to render the expansive force of the fluid too 
feeble to support the superincumbent weight, and to prevent subsidence as 
immediately consequent on great elevation. 

27. FF Strata.—Among the most curious of the phenomena attri- 
butable to great horizontal pressure, are folded strata. It may be worth 
while to consider some of the modifications of form to which these folds 
may be subjected, supposing them to result from the horizontal pressure in 
such cases as those above discussed. 

In the first place, supposing always the compressing force to be horizon- 
tal, conceive the compressed mass to be horizontally stratified. Then, if 
the strata be so constituted as to form in regular folds, a vertical section of 
a stratum along the direction of compression will evidently be such as repre- 
sented in fig. 7, where the dotted-lines denote the undisturbed position of a 


Fig. 7. 


stratum which afterwards becomes folded, as represented by the continuous 
lines, each fold being approximately symmetrical with reference to a ver- 
tical line through its vertex. Such at least will be the general type of the 
folds, independently of irregular causes which may modify their form. 

In the next place, let us suppose the strata inclined to the horizon as re- 
presented by the dotted-lines in fig. 8, the compression still being horizontal. 


Fig. 8. 
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The folds will then be such as indicated by the continuous lines. One 
side of each fold is here much longer than the other. 

Again, it is immediately seen by inspecting the figs. 4, 5, that the com- 
pressing horizontal forces acting on the central and subsiding masses PS and 
P'S! must distort each mass from its original form, in such a manner that if 
the vertical sections of those masses when undisturbed were rectangular, the 
angles at P and S, and at P’ and S! would become acute, and the other 
angles obtuse, by the distortion produced by compression. The compres- 
sion of the rectangular mass PMSN (fig. 8) has been supposed such as 
would not destroy its rectangularity ; but if the compressing force acted on 
it as on the mass defined by the same letters in fig. 5, it would manifestly 
be deformed into the oblique-angled parallelogram indicated by the oblique 
angles at M and N (fig. 9), and the folds would assume the form there 


Fig. 9. 
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represented, the axis of each fold being inclined to the vertical, and dipping 
in the same direction as the uncompressed beds. 

The flexures which have been directly contemplated in the above expla- 
nation are those on a scale comparatively small, but the same explanation 
would ‘be applicable to those on any larger scale. The mechanical cause 
of the phenomena, according to this view of the subject, is horizontal pres- 
sure; the unsymmetrical character of the folds in fig. 8 is attributable to 
the oblique position of the beds with reference to the horizontal direction 
of the compressing force; and the inclination of the axes of the folds as 
represented in fig. 9, is due to that action of the compressing forces by 
which the form of the whole mass containing the folded strata has been 
twisted and distorted from its original form, as above described. This 
oblique character of flexures on a large scale, has been particularly observed 
by Professors W. and H. Rogers in their interesting description of the Apa- 
lachian Chain *. 

28. Inverted Strata.—If the flexures above represented (fig. 9) be so 


* Contributions to the Geology of the United States. 
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large that the vertices of any of them might be cut off by denudation, while 
the lower portion should penetrate to a sufficient depth to conceal the in- 
verted curvature, the strata might present the character of inverted and not 
that of ‘olded strata. Instead, however, of such a mass as PS (fig. 6) 
being compressed into folded strata, and retaining the general position re- 
presented in the diagram, the whole might, as already intimated, be com- 
pletely turned under the lateral contiguous mass, and thus present an 
instance of inverted stratification on a much larger scale than that which 
would probably result from the folds in the manner just mentioned. 


§ Thickness of the Fractured Portions of the Earth's Crust. 


29. The preceding investigations may enable us to form some conjecture 
respecting the thickness of those portions of the earth's crust which have 
been elevated and dislocated in the manner represented in figs. 4, 5,6. In 
considering the two masses PS and P’S' (fig. 5), an obvious difficulty pre- 
sents itself in conceiving how there can be sufficient space to admit of 
their turning into the positions there represented. In fact, this angular 
movement necessarily requires either that the distance AA’ should be con- 
siderably increased by the upheaval, or that the masses should become so 
compressed that the sum of their diagonals MN, MN’ should be reduced to 
little more than the original lengths of the sides MP, MP’. Similar remarks 
will apply to the case of fig. 6. If PM should be considerably greater 
than the depth MS, the angular movement offers no difficulty either in a 
geometrical or mechanical sense; for then the sides MP, MP’ would ap- 
proximate more nearly to equality with the two diagonals, and the support- 
ing power would become less able to counteract the tendency of the force 
of gravity to communicate the angular movement in question. If, on the 
contrary, the depth should be considerably greater than the original lengths 
of the sides MP, MP’, the two masses could never, I conceive, be brought 
into the relative positions represented in fig. 5. Now cases are probably 
not unfrequent in which anticlinal and synclinal lines occur with alterna- 
tions of opposite and rapid dips, at intervals not exceeding a few miles. In 
such cases it appears difficult to understand how the elevated crust also can 
exceed a very few miles in thickness. 

§ Contraction of the Earth's Crust. 

80. It appears to have been the opinion of some geologists that many of 
the phenomena of elevation, especially those which have apparently re- 
quired the action of an intense horizontal force to produce them, might be 
best accounted for on the hypothesis of a contraction of the earth's crust 
due to the loses of heat by the central nucleus contained within it. This 
view of the subject however has never asaumed that determinate form which 
can demand for it here more than a passing notice. I have shown that the 
hypothesis on which it rests is not essential to account for the most intense 
horizontal pressure ; and I may also remark, that so far from a contraction of 
the general elevated area being necessary to account for phenomena of ele- 
vation, one of the principal difficulties of the subject consists in conceiving 
great angular displacements, such as have been above described, without 
supposing the transversal dimensions of the elevated area to have been in- 
creased instead of diminished. 


§ Contemporaneity of Elevation. 


$1. The contemporaneity of elevation may be considered with reference 
to horizontal space or to vertical height. The most general view which has 


at ee 
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been put forth respecting contemporaneity in the former sense is that of M. 
Elie de Beaumont, according to which all chains of mountains parallel, in a 
certain sense, to each other, are regarded as being of contemporaneous 
origin. Iam not aware however that any physical cause has been assigned 
for the geometrical law which this theory asserts, and consequently the 
examination of the theory does not fall within the province of this Report. 
Restricting ourselves to limited areas, we may define as a distinct district, 
any area throughout which the pheenomena of elevation are connected by a 
continuous geometrical law; and the theory which has been developed in 
this section would assert that that elevatory movement, or those successive 
movements which impressed on the phenomena this continuous law, must 
have been contemporaneous throughout the whole district. We have seen, 
in fact, that the primary fissures must bear certain relations to the form of 
the area contemporaneously elevated; and therefore, if a whole elevated 
district were upheaved in separate portions at different times, the primary 
fissures could not be grouped according to the same continuous law as if 
the whole district had been elevated contemporaneously. 

The question of contemporaneity, with respect to vertical elevation, is one 
of more difficult determination. There are probably few geologists disposed 
to advocate the extreme opinion that the elevation of each disturbed district 
has been effected by one single upheaval, or the opposite opinion, that it has 
been the result of an indefinite number of almost infinitesimal movements. 
The question may rather be stated to be, whether the existing elevation has 
been produced by a small number of comparatively great and decisive 
movements, or by a greater though not an indefinite number of smaller ones. 
In discussing this question, let us in the first place suppose the elevatory 
movement to have been sufficient to uplift the mass a little beyond that 
height at which the primary fissures would be formed. We shall then have 
the case represented in fig. 3. After the collapse of the dislocated mass, the 
different portions would be maintained by friction in their new relative posi- 
tions. When another upheaval took place a similar effect would be produced, 
the relative displacements being increased at each successive upheaval; and 
thus any observed amount of vertical displacement may be as easily con- 
ceived to have been the result of a great number of smaller displacements, 
as of a smaller number of greater movements. In the same manner equal 
horizontal pressures might be called into action, and therefore equal relative 
horizontal displacements might be produced in both these modes of elevation. 

The only kind of displacement, in addition to those which are vertical or 
horizontal, which any portion of the disrupted mass could receive, would be 
that arising from its angular movement. Now at each small upheaval a 
small displacement of this kind might be given to any portion, only differing 
from those represented in fig. 5, in being very small. But here it must be 
observed that, on the collapse and subsidence of the mass, the horizontal 
forces, as already explained, would exert an enormous power to restore 
contiguous portions of the mass to their original angular positions relatively 
to each other. And this constitutes the great difference between this case 
and the previous one, in which the forces necessarily called into action would 
be as effective in preserving each successive small vertical displacement, as 
they would be in destroying each small angular displacement in the case we 
are now considering. Where any single displacement should be sufficiently 
great, we have seen (art. 26.) that there might be only a small tendency, or 
even no tendency at all to restore the displaced mass to its original angular 
position ; but that tendency would become greater as the angular disturbance 
should be smaller; and hence, the probability that a great angular displace- 
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ment should result from a great number of small movements is extremely 
small compared with that of its resulting from a small number of greater 
movements. 

It must, I think, be allowed that these considerations furnish powerful 
evidence in favour of the theory which regards those existing elevations 
which have been accompanied by great angular displacements of the elevated 
beds, as the results of movements, some at least of which must have been 
of great magnitude. It should also be observed that the number of up- 
heavals of this kind, in the same district, may have been much greater than 
the existing elevation of the district may seem to imply; for each of these 
upheavals might be, and according to the previous reasoning, almost neces- 
sarily would be accompanied by subsidences of corresponding magnitude, 
and existing elevations can only be the result of the upbeavals combined 
with the accompanying subsidences. 

Throughout this theory it is assumed, that though the elevating force may 
have acted with variable intensity, or may have encountered a variable re- 
sistance at different points of an elevated area at the same instant, such vari- 
ations have not been generally rapid and irregular. If however we adopt 
any other hypothesis, it may be doubted whether we can diminish the diffi- 
culty of conceiving how any great angular displacement can have been given 
throughout extensive areas, to masses so thick as those which have un- 
doubtedly in many instances been elevated, without supposing such displace- 
ment to have been accompanied by great instantaneous upheaval. It should 
also be recollected that even if this particular kind of displacement could 
be accounted for more easily by means of the hypothesis of any irregular 
action of the elevating force, the hypothesis would be inadmissible in all 
those cases in which the general phenomena of elevation should approximate 
to determinate geometrical laws. Instances may exist in which the phe- 
nomena present no such approximation, but such can scarcely be considered 
objects of theoretical investigation. The theory we have been considering 
professes to offer an explanation of the various phenomena of elevation, so 
far, and of course so far only, as they may be characterized by distinct ap- 
proximations to certain geometrical laws, by referring the phenomena to a 
simple and general cause—an elevating force acting as already described 
with a certain approximation to uniformity of intensity, but modified by 
particular conditions of the elevated mass, and by accidental causes called 
into action during the resulting movements. It is only so far as this or any 
other theory may accomplish this object, that any real value can attach to 
it as a physical theory. 


§ Slow Movements of Elevation and Depression, and their Relations to 
Paroxysmal Movements. 


$2. According to the preceding views, the forces which have elevated 
and dislocated the earth’s crust have originated in the elastic vapours gene- 
rated in a subjacent fluid mass, in the manner in which such vapours are 
known to be generated in existing volcanos. The analogy seems to justify 
the conclusion that it would be principally by long accumulation that the 
confined vapours would acquire sufficient elastic force to elevate the super- 
incumbent mass, though we are not sufficiently acquainted with the mode 
in which they are generated, and the conditions which may influence the pro- 
cess, to assert that they might not in certain cases be generated with much 
greater rapidity than under the more ordinary conditions to which the ele- 
vating fluid was formerly, or the existing fluid masses of volcanos are actually 
subjected. Admitting however the gradual accumulation of elevating power, 
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it is manifest that its first effect would be a gradual, and possibly a slow and 
long-continued elevation of the superincumbent crust. If this proceeded 
till the crust became dislocated, the process of elevation might then assume 
instantaneously a paroxysmal character, in consequence of the sudden dimi- 
nution of resistance which would result from the dislocation of the mass, 
and independently of any sudden increase of intensity in the elevating force. 
The degree in which this paroxysmal character would manifest itself, would 
depend on the completeness and rapidity of the dislocation, and the amount 
of resistance instantaneously destroyed by it. In order that the mass should 
be elevated to the point of dislocation, it would be necessary that the up- 
ward pressure should exceed the weight of the uplifted mass by a force 
(which we may denote by F) sufficient to overcome that part of the resist- 
ance to the movement which depends on the cohesive power of the mass. 
Those who are accustomed to mechanical investigations of this kind, will 
perceive that the nearly horizontal tension depending on the cohesion acts 
at a great mechanical disadvantage in opposition to the nearly vertical fluid 
pressure, so that F would probably always be small compared with the 
weight of the elevated mass. Still it is easily conceivable that F might be 
of sufficient magnitude to produce a great paroxysmal movement. Suppose, 
for example, that F should be equal to one-fiftieth of the weight of the mass, 
and the dislocation to be so complete as to destroy all sensible effect of 
cohesion in impeding the upward movement. If this force continued to 
act with uniform intensity for one minute, it would raise the mass through 
about 1250 feet; if it acted for two minutes, the elevation would be four 
‘times as great; if for three minutes, nine times as great, and soon. If F 
were only one-half, one-third, &c. as great as above supposed, the corre- 
sponding elevations would only be one-half, one-third, &c. as great as those 
just specified. It should here be recollected, in estimating the probability 
of paroxysmal movements from theoretical considerations, that, in this ex- 
position, we have taken no account of the possible sudden increase in the 
expansive force of the intumescent fluid at the instant of paroxysmal eleva- 
tion, such as the violent explosions of volcanos would appear ‘to indicate, 
so long as we can offer no more complete explanation of such explosions than 
I think we can at present, without referring them to a comparatively sudden 
generation of elastic vapours. At all events, the above examples show how 
smal] an excess of the fluid pressure over the superincumbent weight would 
suffice to produce a paroxysmal elevation. 

In those cases in which the elevation assumed a paroxysmal character, the 
subsidence immediately consequent upon it would doubtless assume a similar 
character, but it is extremely improbable that the downward movement 
would immediately cease. On the contrary, the disturbed mass would be 
likely to continue to subside very slowly for a long period of time; and 
thus as great dislocating movements must probably have been preceded by 
gradual elevation, so it is also probable that they have been generally fol- 
lowed by gradual depression of the elevated area. 

This theory does not require the recognition of any cause external to 
the elevating fluid, as necessary to excite its intumescence, since the ex- 
citing cause is by hypothesis the original heat to which the fluidity is as- 
sumed to be due. Still, extraneous and secondary causes are not to be 
neglected; they may be, on the contrary, of great importunce. The opera- 
tions of denudation and deposition may thus exercise an important influence 
in the processes of elevation and depression. Let us suppose a sedimentary 
mass of several hundreds, or possibly several thousands of feet in thickness, 
to have been deposited (as such masses have been) over an extensive area. 
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The tendency of this mass would be to produce a subsidence of the surface 
on which the original deposition took place, and on which the whole sedi- 
mentary mass reposed. If the solid crust of the earth were sufficiently thick, 
the depression would probably be insensible ; but if the weight of the sedi- 
mentary mass acted on a solid crust of large area, but not of a thickness 
greater than what we have already shown (art. 29.) to have been the pro- 
bable thickness of those portions which have been subjected to great angular 
displacements, we easily perceive that a slow but considerable subsidence 
would, under simple and probable conditions, be the necessary consequence. 

This reasoning would lead us to the conclusion that, in any proposed area, 
periods of great sedimentary deposition had been periods of gradual subsi- 
dence. Now that such has been actually the case, we have, I conceive, the 
most conclusive and independent evidence. The admirable researches of 
Professor E. Forbes seem to establish beyond doubt, that comparatively few 
zpecies of marine animals are capable of existing in the full exercise of their 
animal functions at depths exceeding 1000 or 1200 feet. Consequently we 
may conclude that during the deposition of a mass of fossiliferous beds, 
having a thickness greater than 1000 or 1200 feet, there must have been a 
subsidence equal at least to the difference between the actual thickness of 
the stratified mass and that just mentioned ; and if the stratification be con- 
formable throughout, we may also conclude that the depression must have 
taken place, not by any paroxysmal movement, but by slow and gradual sub- 
sidence, a conclusion in exact accordance with that above enunciated. 

Sir John Herschel was the first, I think, to direct attention distinctly to 
the possible effect of a great mass of sedimentary deposits, in depressing the 
portion of the earth’s crust on which it rested. He also suggested the pos- 
sible influence of the depression of one portion of the crust in producing an 
elevation of a neighbouring portion; and, in fact, if both portions were 
superincumbent on the same continuous mass of fluid or semifluid matter, 
such elevation would probably be the necessary consequence of the neigh- 
bouring depression. I am not aware however how far geological observa- 
tions afford evidence of the synchronism of such opposite movements in 
adjoining areas. 

Another consequence of sedimentary deposition was suggested, I believe 
contemporaneously and independently, by Sir John Herschel and Mr. Bab- 
bage. The temperature of sedimentary matter at the period of its deposi- 
tion must be approximately that of the superficial temperature of the earth 
at the place of deposition, but the effect will be to increase the temperature 
of the mass beneath, by causing the rise of the internal isothermal surfaces. 
Any subjacent fluid mass would thus receive an accession of temperature 
which might again give to its expansive force sufficient energy to elevate 
and dislocate the superincumbent mass. The effectiveness of this cause in 
producing elevation, as well as the weight of sedimentary matter in pro- 
ducing subsidence, would manifestly be increased where the thickness of the 
crust should be comparatively small. 

Mr. Babbage has deduced from this rise of the isothermal surfaces, an 
explanation of the slow upheaval of large areas, by referring it to the 
columnar expansion that must result from the augmentation of temperature 
in the subjacent rocks. This deduction however appears to me inadmissi- 
ble. In the first place, if this theory were true, a period of great sedimen- 
tary deposition in any assigned area would be a period of elevation, instead 
of being (as we have above shown it must have been) a period of depres- 
sion, since the rise in the isothermal surfaces would necessarily be contem- 
poraneous with the process of deposition; and in the second place, the rate 
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of deposition must generally have been so exceedingly slow when considered 
with reference to extensive areas, as to leave little or no doubt, I think, 
that the positions of the isothermal surfaces at any proposed time during 
the process of deposition would approximate extremely near to that limit 
beyond which they could not have passed had the deposition ceased at that 
time. In such case, the ascent of the isothermal surfaces and the conse- 
quent columnar expansion would necessarily cease soon after the deposition 
of the whole sedimentary mass was completed, and could never be effective 
in raising the surface of the mass above the level of the sea. The theory 
would therefore fail to account for the elevation of the surfaces of whole 
continents to considerable heights above that level, the only great pheeno- 
menon of elevation, perhaps, which we could profess to account for by 
columnar expansion. 


Section II, Vibratory Motions of the Earth's Crust produced by Subter- 
ranean Forces— Earthquakes. 


$3. In the preceding articles I have considered the mechanical effects of 
subterranean forces in elevating and dislocating the portions of the solid 
crust of the earth immediately superincumbent on the fluid matter, in which 
the elevatory forces have been supposed to originate. Other mechanical 
effects would also result from these sudden dislocations and the explosive 
action which would doubtless accompany them. The effects I allude to are 
the vibratory motions which would be excited in the solid or fluid masses 
in the immediate vicinity of the disturbed district, and propagated with great 
rapidity to others more remote. In those great disruptions which we have 
heretofore contemplated, these vibrations would be of great intensity near 
the regions where they originated, and it is possible that they might extend, 
in such cases, to very extensive portions of the globe, before their intensity 
should become sufficiently weakened to be no longer sensible. These 
secondary effects of the great elevating forces which have left so many phee- 
nomena as records of their primary effects, not being calculated to produce 
any permanent modification of character in the rocks through which the 
vibrations were transmitted, are matters of little interest to geologists as re- 
gards their existence at remote epochs; but they become, on the contrary, 
of especial interest when considered with reference to modesn earthquakes. 
Many persons have regarded these phenomena as due in a great measure to 
vibrations like those just mentioned *®, and the subject has lately been brought 
under our notice in a memoir by Mr. Mallet, ‘On the Dynamics of Earth- 
quakes't, in which he has treated it in a more determinate manner, and 
in more detail than any preceding writer. I now proceed to consider 
the manner in which vibratory motions may be generated and propagated 
through a mass constituted like the crust of the globe. It will probably 
contribute to make the subject more easily understood if I begin by explain- 
ing the more simple cases of the propagation of such motions. 


§ Explanation of different cases of the Propagation of Vibratory Motion. 
$4. The explanations of this subject become much simplified when the 
space through which the original disturbance producing the vibrations ex- 
tends, is small compared with that into which they are subsequently propa- 


* “When the agitation produced by an earthquake extends further than there is any 
reason to suspect a subterraneous communication, it is probably propagated through the 
earth nearly in the same manner asa noise is conveyed through the air.” —Young’s Lec- 
tures on Natural Philosophy, vol. i. p. 717, 1807. 

t Proceedings of the Royal Irish Academy, vol, xxi. part 1. 
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gated. I shall therefore commence the following explanations with this 
hypothesis. It should also be understood that the results deduced from the 
mathematical investigation of the problem depend on the assumption that 
the displacement of each vibrating particle from its place of rest, is very 
small, an assumption which may be considered as true to a sufficient degree 
of approximation in such vibratory motions as those frequently experienced 
in modern earthquakes, except at points so near the focus from which they 
proceed as to render the exception of little importance. 

85. Propagation of Vibrations along a Cylindrical Tube.—The vibrations 
transmitted through fluids are more simple than those transmitted through 
solids. I shall therefore begin with the former case, and the explanations 
will perhaps be still further simplified if we conceive the fluid to be an 
elastic‘éne, as atmospheric air. I shall also first take the case in which the 
vibrations are propagated along a cylindrical tube. Let us then suppose 
the tube AB of indefinite length to be filled with atmospheric air, and 
conceive a small disturbance of any kind instantaneously communicated in 
any manner to the portion of the fluid occupying the space pq bounded by 
transverse sections perpendicular to the axis of the tube, and then suppose 
the fluid to be left entirely to itself. In avery short time the vibratory 
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motion will be entirely transferred from the particles originally disturbed, to 
others on the right and left, the particles first disturbed being left com- 
pletely at rest. Let p’q' and p,q, be the portions in a state of vibration at 
any time ¢. Each of these spaces may be termed a wave*, and each will 
have the same properties, the one being propagated to the right and the 
other to the left. Generally they will be of the same length. The particles 
beyond g’ and p, respectively will not have begun their vibrations, and all 
those between p! and gq, will have performed their vibrations and returned 
to a state of rest. 
1.) The length p’g' (=:/) of the wave will be constant. 

3 The velocity (V) with which the wave will pass from one point to 
another (the velocity of propagation) is constant, and depends on the elasti- 
city of the air. 

(3.) Each particle will vibrate in succession exactly in the same manner. 
The time during which it will continue in motion, or that required for the 


wave to pass bver it, =o and is the same for each ‘particle in succession. 


(4.) The extent through which each particle moves in its vibration (the 
itude of vibration) is by hypothesis extremely small compared with the 
length of the wave; it will depend on the original disturbance. The di- 
rectton of vibration will, at a sufficient distance from the original place of 
disturbance, be parallel to the axis of the tube, or perpendicular to the ante- 
rior and posterior bounding surfaces of the waves, those bounding surfaces 
being transverse sections of the tube perpendicular to its axis. 
Waves of a more complicated character have properties, as we shall see, 
* This term has usually a more restricted and determinate meaning with reference to 
vibratory motions of this kind, but in our immediate application of the theory of vibrations 
to the subject before us, the term will be generally used in the sense defined in the text. 
We shall have little concern with that succession of vibrations of a peculiar type with which 
we are principally occupied in acoustics. 
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analogous to the above. It must be observed that these properties belong 
to the wave in its uninterrupted progress along the tube, and before it has 
been modified by reaching the extremity. We are not immediately con- 
cerned with the modification which will there take place. 

In the propagation of these waves of vibratory motion, the particles of 
fluid are necessarily either condensed or rarefied, or they may be subject to 
alternate condensation and rarefaction during the period in which the wave 
is passing through them. They may therefore be termed waves of condensa- 
tion or rarefaction. All substances, gaseous, fluid or solid, have some de- 
gree of compressibility, and are therefore capable of transmitting more or 
less perfectly waves of this nature. If the tube AB, for instance, were filled 
with water, a wave of this kind might be propagated along it, having pro- 
perties exactly similar to those above stated for an aérial wave ; since 
the compressibility of water is so much less than that of air, the amplitudes 
of vibration will usually be much smaller. The velocity of propagation is 
also about four times as great in water as in air. It depends on the ratio of 
the elastic force of water to its density. 

86. Propagation of Waves along the surface of Water in a uniform Canal. 
—In the transmission of vibratory motion through water as above described, 
the tube has been supposed to be completely filled with the fluid, so that no 
displacement of a particle from its place of rest could take place without 
condensation or rarefaction. If the fluid however exist in an open canal 
instead of a closed tube, it may transmit a wave of an entirely different cha- 
racter. For the greater simplicity, suppose the canal to be of uniform depth 
and width. Conceive a portion of the fluid occupying a part pq of the 
canal (fig. 11) to be disturbed, for example, by the sudden small elevation 
of the bottom of that part of the canal. The surface of the superincumbent 
fluid will be elevated in nearly the same degree, and being then left to itself 


Fig. 11. 


will attempt to restore the horizontality of the fluid surface in obedience to 
the law of gravity, and will thus generate two waves p'g' and pg, which will 
be transmitted in opposite directions along the surface of the fluid. A wave 
of this kind will have the following properties, assuming the perfect fluidity 
of the fluid and the absence of friction along the sides of the canal. The 
depth is also supposed much less than the length of the wave. 

(1.) The length (7) of the wave (not necessarily equal to pq) will be con- 
stant. 

(2.) The velocity of propagation will depend on the square root of the 
depth of the canal nearly, that depth being much greater than the height 
of the crest of the wave*. 

(3.) Particles of the fluid situated in the same vertical section perpendi- 
cular to the axis of the tube, will have the same motion at the same instant. 
Every such section of particles will be carried in the direction of propa- 
gation through a certain space, during the passage of the wave, and will 
then be left at rest. Consequently a wave of this kind will be attended by 
a current, the velocity of which will depend on the height of the crest of the 
wave and the depth of the canal. 

(4.) The elevation of the bottom pg being sudden, as we have supposed, 


* See Mr. Scott Russell’s Experiments on Waves. 
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the front of the wave will be steep, the descent from the crest to the pos- 
terior boundary being a gradual slope. 

The total difference in the characters of these two waves will be at once 
apparent. In the first case the waves depend entirely on the compressibility 
and elastic force of the fluid, the motions being independent of gravitation ; 
while in the latter the motion depends on gravitation, and is independent 
of the compressibility and elasticity. In ordinary cases the velocity of pro- 
pagation is very much greater in the former than in the latter kind of waves. 
In the larger disturbance which is necessary to produce the superficial wave 
of sensible magnitude, the disturbing force does not necessarily act with 
sufficient intensity at any instant to produce much compression, or therefore 
to cause a vibratory wave of the first kind of considerable intensity. When 
produced simultaneously, they will, in ordinary cases, separate very rapidly, 
on account of the great difference between the velocities with which they 
are propagated. 

87. Waves propagated in Fluids in all directions from a centre.—The 
waves here contemplated are what I have termed waves of compression or 
dilatation. Let us suppose the original disturbance to take place in the 
interior of a fluid mass, perfectly or imperfectly elastic, the disturbance being 
restricted within a space which is small compared with that into which the 
wave subsequently diverges. The disturbing force being assumed, as in the 
preceding cases, to act only instantaneously, or for a very small space of 
time, the vibratory motion will be rapidly communicated to the neighbour- 
ing particles, leaving those originally disturbed at perfect rest. The space 
within which the vibratory motion will exist at any instant (i.e. the wave 
itself), will be comprised between two concentric spheres whose common 
centre is the centre of disturbance. Ata sufficient distance from the origin 
the vibratory motion will be in a certain degree independent of the partic 
form of the original disturbance, and the wave will have the following pro- 
perties. 

(1.) The breadth (f) of the wave (which corresponds to what I have 
termed its length when propagated along a tube), measured by the differ- 
ence of the radii of its exterior and interior surfaces, will depend on the 
time during whieh the cause exciting the vibrations continues to act. It 
will remain constant during the progression of the wave. 

(2.) The velocity (V) with which the wave will be propagated along any 
radius will be constant. 


Z 
(3.) The time during which each particle will vibrate will =y- 


(4.) The amplitude of the vibrations will decrease as the space through 
which the wave has expanded increases, being inversely as the distance of 
the vibrating particle from the centre of disturbance, when that distance is 
sufficiently great. 

(5.) The dtrection in which a particle vibrates approximates more nearly 
to a line joining the particle and centre of disturbance, as the particle is fur- 
ther removed from the centre; and for a particle whose distance is suffi- 
ciently great, the direction of vibration sensibly coincides with that line*. 

Tt is by waves of this end that sound is propagated through the atmo- 
sphere or through water, the velocity in the former case being nearly 1200, 
and in the latter about 4800 feet per second. 


® Poisson's memoir, ‘ Sur la Théorie du Son,’ Journal Polytechnique, Cahier 14. Also a 
rmaemoir by the same author, ‘ Sur le Mouvement de deux Fiuides superposées,’ in the ‘ Mé- 
mooires de l’Institat,’ vol. x. 
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S8. Vibrations propagated along a solid Bar.—The next case I shall 
consider is that of a long solid bar, as one calculated to elucidate the more 
complicated case of vibratory waves diverging in all directions through a 
solid substance. Ifa bar, of which the transverse section is the same in 
every part, and of which the density is uniform, be acted on for an instant 
by a force of sufficient intensity applied parallel to the axis, and uniformly 
on every point of its terminal section (supposed to be perpendicular to its 
axis), a wave will be propagated along the bar very nearly similar to those 
already described as propagated along tubes filled with perfectly elastic or 
common fluid. Buta solid bar admits also of a different kind of vibration. 
In the case just stated, the direction of vibration is longitudinal, or parallel 
to the axis of the bar*; whereas, in the case I now allude to, the direction 
of vibration is éransverse, or perpendicular to the axis, and analogous to the 
ordinary transverse vibrations of a musical string, though not identical with 
them. As in the small transverse vibrations of the string the tension of the 
string suffers no sensible variation, so the transverse vibrations of a solid bar 
do not produce those alternations of condensation and dilatation which ne- 
cessarily attend longitudinal vibrations. Consequently the elasticities called 
into action in the propagation of longitudinal and of transverse vibrations 
are of different kinds. In the former case the elasticity depends upon the 


force which any element of the substance is capable of exerting to recover | 


its natural volume, when compressed or dilated by the direct action of pres- 
sure or tension ; whereas, in the other case, the elasticity called forth de- 
pends on the force which an element is capable of exerting to recover its 


unconstrained form when distorted from that form without any alteration of | 


its volume. In the former case the compressing or dilating forces are sup- 


posed to act normally on the surface of the element; in the latter case the — 


distorting forces must act tangentially on its surface. Thus suppose the 
bar to be a long rectangular parallelepiped, and that we take a very small 
parallelepiped whose edges are parallel to those of the bar, as an element. 
It is easily seen that transverse vibrations will distort such an element into a 
parallelepiped which is not rectangular, nor is it difficult to understand that 
this distortion may take place without changing the volume of the element. 
If such a distertion be produced at one part of the bar, it will be communi. 
cated to the other parts in succession by transverse vibrations, the propa- 
gation of which will take place according to laws exactly similar to those 
already stated. . 

Poisson’s molecular theory + assigns a general relation, for all solid bodies, 
between the coefficients of the two kinds of elasticity above mentioned, and 
certain experiments on the musical notes produced by transverse and longi- 
tudinal vibrations would appear to sanction the theory, while other experi- 
ments are opposed to it. It will be safer, therefore, not to allow our con- 
clusions to rest on an uncertain theory, but to consider these two coefficients 
as two constants to be determined for different substances, by experiment. 
I may here state however that in all cases the coefficients of elasticity for 
transverse vibrations is less than that for longitudinal ones. Hence, if V, and 
V, denote the velocities of propagation for the longitudinal and transversal 
vibrations respectively, V, will be greater than V,. 

If the particles at one extremity of the bar be disturbed by a force acting 


* It is not here meant that this is accurately true; it is so to a sufficient approximation 
for the elucidation intended. The same must be understood of the transverse vibrations 
mentioned afterwards. 

t+ Mémoires sur l'Equilibre et le Mouvement des Corps Elastiques, in the Mémoires de 
VInstitfit, vol. viii., and Journal Polytechnique, vol. x. 
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for a very short time (as the blow of a hammer), both 
will, generally, be excited, and two corresponding waves gai ite length 7 J 
will be propagated along the bar with velocities V, and hie ely. b>” 
The longitudinal vibrations will be propagated in the manner mene“... 
tioned, and the transversal vibrations will be propagated exactly in a similar 
manner, except as regards the directions of the vibratory motions. Conse- 
quently, supposing the bar of indefinite length, the two waves at a certain 
distance from their common origin will become entirely separated from each 
other, and the vibrations excited in any proposed particle by the first wave 
will then be entirely completed before those excited by the second will be- 
gin. We shall find a similar separation of the two waves in the more gene- 

ral case to which we shall now proceed. 

39. Propagation of Vibrations through a solid Mass—In the general 
case to which we are now proceeding, we may conceive the disturbance ex- 
citing the vibrations to take place at any points in the interior or on the 
surface of the mass; but for the greater distinctness, I shall suppose it to . 
take place in the interior, to act for a very short time (as an explosion in a 
mine), and to be restricted as in the previous cases to a space small com- 
pared with that into which the vibrations afterwards diverge. I shall also 
suppose the density and elasticity of the mass to be the same at every point. 

In this case, as in the one immediately preceding, the original disturbance, 
unless it be of a very particular kind, will produce two waves, each of which 
will diverge in a manner exactly similar to that in which a spherical wave 
diverges in a fluid as already described (art. $7). Their velocities of pro- . 
pagation (V, and V,) will be different, and therefore they will become com- | 
pletely separated from each other (as in the preceding case of article 38) 
at a distance from their origin, depending off V,, the difference between V, 
and V,, and the breadth of the first wave. After this complete separation 
has taken place, the direction in which a particle will vibrate in the first 
wave will coincide with aline passing through that particle and the centre 
of disturbance. These are xormal vibrations; they will be completed and 
the particle restored to rest before the second wave reaches it. The same 
particle will then commence its second vibration in a direction perpendicular 
to the former, t.e. in some direction in a plane perpendicular to the line 
through the proposed particle and the centre of disturbance*. Such vibra- 
tions are tangential. We shall hereafter see the importance of this differ- 
ence of character in the two waves, provided instruments can be obtained 
of sufficient sensibility and accuracy to detect the distinction between their 
characteristic vibrations. 

Before the separation of the two waves has been completely effected, one 
of them will overlap, or will be partially superimposed upon the other. 
Within that space in which this superposition exists each particle will move 
under the simultaneous influence of both the above kinds of vibration. The 
breadth of the waves will depend on the time during which the original dis- 
turbance is continued, so that if this time be not very short, the breadths of 
the waves may be too great to fidmit of their complete separation within the 
limits of sensible vibration. 

The ratio of the intensities of these two sets of vibrations may vary in 
any degree, since either of them may altogether disappear with particular 
forms of the original disturbance. (Generally they must coexist. ' 

40. Velocities of Propagation of the two Waves.—lIn the practical appli- 
cation which it is proposed to make of these theoretical deductions, it is 

* See Memoir by Poisson, ‘ Sur la Propagation dau Mouvement dans les Milieux Elastiques,’ 
Mémoires de l’Institit, vol. x. Also Annales de Chimie, vol. xliv. p. 423. 
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essential to ascertain to some degree of approximation, the velocities of pro- 
pagation through such solid masses as constitute, or may be presumed to 
constitute generally the solid crust of the globe. To explain the relation 
between these velocities and the elasticities of the substances through which 
the waves are propagated, and the nature of the experiments by which the 
elasticities must be determined, it will be necessary to enter into some de- 
tails respecting the elementary notions on which the mathematical theory of 
vibratory motions is founded. The theory I here speak of is independent of 
all hypotheses on the nature of molecular action. It is given by M. Cauchy 
in various articles in his ‘ Exercices Mathématiques*.’ 

I have already explained (art. 20) that, for every point of a continuous 
solid mass in a state of constraint, there are three principal directions and 
three principal tensions. The fundamental hypothesis on which M. Cauchy 
has founded his investigation of the differential equations of vibratory motion 
in solids, is that the principal tensions are proportional, partly to the linear 
and partly to the cubical expansion. Thus, if ¢,, e, ¢, denote the linear ex- 
tensions at any point in the principal directions, y the cubical expansion, 
and p,, p’, ps the principal tensions, we shall have 


P\=he, + Ky, 

Pa=he, + Ky, 

Ps=he,+ Ky, 
where & and K are two constants to be determined by experiment. These 
two constants, or others equivalent to them, will necessarily enter into the 
differential equations of motion. If, instcad of introducing & and K, we in- 
troduce A and B where . 

A=zk+K, 


B=, 


4 
these equations will assume the form (adopting the usual notation and call- 
ing the density ¢), 


PEA d dude, do} ,Bidu,du_d (de dey 
dep dz dz dy azS +> lay tas de ta) , 
Ad fdu dv dw| Bfdw dw d(/du. dw 
Bap dy asta} ty ata ay det ae) 
aw Adfdu dv al Bfdwo dw d(/du 2) 
Tea 9d (det dt de +5 asta de zat) 
It is from the integration of these equations that the existence of the two 
waves already described and their distinctive characters are proved. It is 


also proved that 
Vien/2 Va /2 
e IV 


where V; and V, denote, as heretofore, the velocities of propagation of the 
two waves. To determine their values, therefore, for any proposed solid, 


we must determine those of and K Consequently, in any experiments 
which may be instituted for the purpose of thus determining these velocities, 


© T may also refer to a memoir on the Equilibrium and Motion of Elastic Solids, by Mr. 
G. Stokes. Cambridge Philosophical Transactions, vol. viii. part 3. 
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it will be necessary to bear in mind that the coefficient K of cubical expan- 
sion must be determined as well as &, the coefficient of linear expansion. 

Both K and & are essentially positive quantities, and therefore V, is neces- 
sarily greater than V;, as has been already stated with reference to the pro- 
pagation of normal and transverse vibrations along a solid bar. 

Poisson, in investigating the vibratory motions of elastic bodies, according 
to his theory of molecular action, obtained differential equations of motion, 
which involve only one constant, and with which the equations above given 


e e * A e | . e V 
b dentical, if ke B=—. i V,=— 
ecome identical, if we make 5 This would likewise give V; Ve 


In any practical application, however, of our theoretical conclusion, it is not 
desirable, as I have already intimated, to rely upon this numerical relation 
between V, and V,, deduced as it is from a theory which cannot yet be re- 
garded as fully sanctioned by experiment. 

41. Reflexion and Refraction of a Wave——lIn the cases hitherto considered 
of spherical waves, the direction of a wave at any point may be defined by 
the radius of the outer or inner surface of the wave through that point. In 
those cases in which the wave is not spherical, its direction at any point of 
its front may be defined, in all cases in which we are here concerned, by a 
line through the proposed point and perpendicular to the front, t.e. by a 
normal to the front. Any such line will continue to be a normal to the 


front of the wave in its consecu- Fig. 12 
tive positions, when the medium 5 ae 
through which the wave is pro- M 
pagated is one in which the den- 


sity is uniform, and the elasticity 
the same at every point and in 
every direction. Consequently 
the vibrations may be said to be 
propagated through such media 
in straight lines. When the 
wave arrives at the common 
surface of two gaseous or fluid 
media in which the velocities 
of propagation are different, a 
single wave will be reflected ae 
back into the first medium, and ##f/Y #£|_ 4d...’ 
another will be transmitted into 
the second one. Let APB (fig. ° wl 
12) be the common surface of 
the two media, and let OP be the direction, as above defined, of a wave 
propagated through the lower medium with a velocity V. Let PQ’ be 
the direction of the reflected wave, and PQ that of the wave transmitted 
into the upper medium, where the velocity of propagation is V'. Also 
let MPN be perpendicular to AB. Then shall we have Q’PN=OPN, 
sin QPM _ V' 
sinOPN~ V’ 
from or towards PM, according as V! is greater or less than V. These are 
in fact exactly the laws of reflexion and refraction of common light. » 

O being the point from which the wave diverges, if the point of incidence 
be to the right of P, the direction of the refracted wave will approximate 
more nearly to AB the surface of junction, and if the incidence take place 
at a sufficient distance to ‘the right, as at P, the perpendicular to the re- 
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so that the direction of the refracted wave will turn 
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fracted wave will become parallel to AB. When the point of incidence is 
beyond P,, the vibrations will not be propagated at all into the upper me- 
dium, but will be entirely reflected back into the lower one. 

We may remark that in certain portions of the lower medium the incident 
and reflected waves may coexist. The vibrations of particles in such por- 
tions will of course be compounded of those in both waves. 

If the media through which the vibrations are propagated are solid, the 
incident wave may consist of normal or tangential vibrations. In either 
case there will, generally, be two reflected and two refracted waves, with 
normal and tangential vibrations respectively. The law of reflexion will, 
for both reflected waves, be the same as that above enunciated; and the 
law of refraction will also be the same as in fluid media, if in the ratio 
velocity of the refracted wave 


velocity of the incident wave 


, we put the proper values of the velocities. 


42. To simplify the application of the theoretical conclusions above stated, 
to the case of terrestrial vibrations, such as are frequently experienced in 
earthquakes, I shall first suppose, as I have already done, that the original 
disturbance or shock from which the vibrations proceed takes place within 
& space comparatively small, as would be the case, for instance, if the shock 
were produced by a deep-seated volcanic explosion, the falling in of the roof 
of a subterranean cavity, or the sudden rending of the solid rock around it. 
I shall also first suppose the crust of the earth to be homogeneous; it will 
afterwards be easy to trace the modifications of the general results in more 
complicated cases. 

The most important point, perhaps, which we may hope to determine with 
some certain approximation to the truth, is the position, and more especially 
the depth, of the volcanic foci or other sources from which earthquakes pro- 
ceed, a subject on which we are at present left to vague conjectures. I shall 
proceed to show how this may be effected if we can determine with suffi- 
cient accuracy the velocity of propagation of a wave in the interior of the 
earth's solid crust, the velocity with which it passes from one point of the 
surface to another, or what I shall call the apparent horizontal velocity of the 
wave, and also the horizontal direction of propagation at any proposed point. 
This direction, under the conditions stated in the preceding paragraph, will 
coincide with a line through that point and the point on the earth’s surface, 
vertically above the centre of disturbance. We may suppose the velocity of 
propagation (V) determined in the first instance by a previous knowledge of 
the two coefficients of elasticity; the horizontal velocity by observations 
which I shall indicate, and the horizontal direction by an instrument designed 
for the purpose. 

I suppose the instrument here spoken of capable of determining the di- 
rection of vibration of the particles of the earth’s crust at the place of ab- 
servation, or at least the horizontal projection of that direction. But here it 
is important to bear in mind the characteristic distinction above indicated 
(art. 39) between the two waves, which will generally proceed simultaneously 
from the same centre of disturbance. We have seen that the vibrations in 
one of these waves take place in directions perpendicular to the direction of 
propagation, and therefore the horizontal projection of this direction of 
vibration will generally be entirely different from the horizontal direction 
of the wave's motion. On the contrary, when the vibratory motions take 
place in directions coinciding with that of propagation, or are normal to the 
surface of the wave, the horizontal projection of the vibration will coincide 
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with the horizontal direction required*. This apparent ambiguity however 
will be removed in all cases in which the observed direction of vibration is 
that of the particles at the first instant of their motion ; for it has been shown 
(art. 40) that the velocity (V,) of propagation for the normal vibrations is 
greater than that for the tangential vibrations (V,), and consequently the 
normal vibrations will always be those which arrive first at any point of the 
mass, and by which therefore every particle of it will be affected at the first 
instant of its motion. In many cases also the approximate horizontal di- 
rection of the wave, as known from other circumstances, may serve to re- 
move the ambiguity above-mentioned. 

43. Position of the Centre of Disturbance.—Let O (fig. 18) be the centre 


Fig. 13. 


of disturbance; OC a vertical line meeting the surface H'H in C; P, P' twa 
points on the earth's surface, situated on different lines through C. The 
directions of the horizontal projections of the normal vibrations will deter- 
mine the directions-of PC and P’C, whose intersection will determine the 
point C. It is manifestly desirable that, for this particular purpose, the 
angle PCP’ should be nearly a right angle. 

To determine the apperent horizontal velocity of the wave at P, suppose 
FP’ so situated that CP’ is not much greater than CP. Let the time of the 
first instant of the shock at each of the places P, P’ be observed. Then the 
difference of the distances CP, CP’ divided by the difference of the ob- 
served times of the two shocks, will give the mean velocity with which the 
wave will pass from P through a distance equal to the difference between 
CP’ and CP. The velocity thus determined (as will appear by the next 
paragraph) will be somewhat less than the horizontal velocity at P, but will 
be approximately equal to it. Practically, it is desirable that the angle PCP’ 
should not be large for the particular purpose here considered. 

Let v be the horizontal velocity at P, COP=8, and V the velocity of pro- 
pegation of the wave within the earth. Take p a point indefinitely near to 

in the line CP produced. Draw Ps perpendicular to OP; then while the 
wave is actually propagated from s to p, it will be apparently propagated 
from P to gy, and we shall have 


_ P — 5: 
o~Pp sin 8, 
V=v.ain$....... vee cece ee we re ecnees (a.) 


Hence the apparent horizontal velocity of the wave is much greater than the 


* The absolute direction of vibration will not be the same af the surface as in the interior 
of the mass, but the direction of its horizontal projection will not be altered. 
G2 
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real velocity of propagation at points near to C, but approximates to the 
real velocity at points remote from C. 
Let CP as above determined =a; then 


CO=<a cot.@ 
=—q,.¥v—V* cose ce ne (B.) 


@oseoeoeeaeeeseeeee 


This would appear to be the simplest formula for the determination of CO. 
A formula may also be obtained independently of the previous determina- 
tion of the point C. For let v’ be the horizontal velocity of the wave ata 
point distant a’ from C ; then 


CO=a' ve 
V V 
° a'—a=CO { Voqye samt re (y-) 


which will determine CO in terms of the difference of the distances of P and 
P’ from C. This formula might be useful when P and P” are known to be 
nearly on the same line of horizontal propagation; for in that case we 
might substitute the distance PP’ for a'/—a. This would be the case in 
which the position of C would be least accurately determined by the me- 
thod before indicated (art. 42), if we had to use observations at P and P’; 
for the angle PCP’ being small, a small error in the determination of the 
directions of horizontal propagation would make a comparatively large error 
in the position of C, the point of intersection of those directions. 

It may be worth while also to indicate a formula for determining the 
direct distance OP, and depending on the retardation of the wave in which 
the vibrations are transversal, with reference to the wave in which they are 
normal. Let V, be the velocity of the latter wave, V, that of the former; 
V, will be greater than V,. Also let ¢, ¢, be the respective times in which 


the waves pass from O to P, and T the observed interval between the 
arrivals of the two waves at P. Then 


oe 
eo a: Freer ee eerse poets twee ev eevee es 


If the general character of the geological formations through which the 
vibration is propagated be known, V, as well as V, may be supposed to be 
approximately known by experiment. The determination of T would re- 
quire an instrument of sufficient accuracy and sensibility to detect the dif- 
ference in the nature of the vibrations in the two waves proceeding simul- 
taneously from O. ‘The distance OP must also be sufficiently great to allow 
of the complete separation of the two waves. OP being thus determined, 
and the position of C found as in article 42, the position of O will be imme- 
diately known. If it should hereafter appear that the existence of these two 
waves can be frequently and distinctly recognised, the determination of T 


may probably be found more easy and convenient than that of the horizon- 
tal velocity of the wave. 
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44. In the preceding calculations the mass through which the vibrations 
have been propagated has been considered homogeneous; but it will be 
easy to indicate the nature of the modification which will be introduced 
into the preceding results if we suppose the wave to be propagated through 
masses of different degrees of elasticity, superimposed on each other. For 


Fig. 14. 
ys 4 Cc 


the general explanation it will suffice to consider a single horizontal stratum 
resting on the mass in which the centre of disturbance is placed. Let H’H 
be the surface of the earth, and 4’A, parallel to H’H the common surface of 
the upper and lower media. Let V denote the velocity of propagation in 
the lower medium, and V' that in the upper; and let pP be the direction in 
which the wave from O arrives at P after refraction at p. The absolute 
direction of vibration will be changed by refraction at p, as well as at P, 
bat the direction of the horizontal projection of the normal vibrations will 
not be altered. Consequently the rule before given (art. 43) for finding the 
point C will be equally applicable in the present case. 

If Pp produced meet CO produced in O', and CO’/P=6', equation (a.) 
(art. 43) becomes 

v= V' sin 6; 
and equation ((.) will become 
2 U 
coma. YO Ve, 

where CP=a. CO! being thus known, and Ce the thickness of the upper 
singf V 
sin VP 
it will be easy to find OO’, and thus to determine the position of O. If 4 
and # be not too large, a well-known formula in common optics gives as 
an approximation 


stratum, cO’ will be known, and since, by the law of refraction 


whence 00'= —__ 


It would be easy to apply a similar calculation to any proposed more com- 
plicated case. 

If a wave proceed from a point O in a fluid mass, through the superin- 
cumbent solid crust, and then through the sea, the general course of the 
wave and successive positions of its front will be represented by the annexed 
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diagram (fig. 15.). CH represents the surface of the sea; BgH the sea 
bottom to the coast line through H; DK the lower surface of the solid 


Fig. 15. 


Po ee 

o= ~e 
«or ~~ 
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crust. The lines, such as Opgr, are the directions of propagation of the 
wave at each point of those lines respectively, and show how the wave is 
refracted in passing out of one medium into anuther. The consecutive 
fronts of the wave are represented by the curved lines, which meet all the 
directions previously mentioned at right angles. It is supposed that, in 
these three media, the velocity of propagation is least in the water, greatest 
in the solid crust, and intermediate in the subjacent fluid. It will be ob- 

| served that the direct wave (the reflected waves are not here noticed) will 
reach the shore H, through the solid crust and through the sea, at the same 
instant. 

45. Vebratory Waves resulting from Disturbances of which the original 
sphere is not small_—We have hitherto considered the original disturbance 
restricted to a small space, and not to be of too great intensity. Let us now 
suppose the disturbance to take place simultaneously beneath a portion of 
the earth’s crust of considerable extent. If the intensity of the force be not 
small, we shall have the case already considered (Sect. I. Part II.), in which 
permanent elevation is produced in the superincumbent crust. If the in- 
tensity be so small that a vibratory motion only results from it, a wave will 
be produced, the front of which, in the mass situated vertically over the 
area of disturbance, will be plain and horizontal; while in the portions of 
the crust situated beyond that area, the wave will be bounded by a curve 
surface of which, after what has been stated, it will not be difficult to form 
a general conception. Immediately over the disturbed area the wave would 
manifestly reach all points of the surface at nearly the same instant, so that 
what I have called the apparent horizontal velocity of propagation would be 
infinitely great. Contemporaneous shocks observed over an extensive area 
would afford the strongest proof of the horizontal extent of the original 
disturbance, though it would be necessary to bear in mind that a disturb- 
ance of greater intensity proceeding from a single centre at a much greater 
depth, might produce nearly the same effect in the region around the point 
at which a vertical line through the centre of disturbance should meet the 
surface. It is in those cases in which the area of original disturbance is con- 
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siderable, that small permanent elevation may possibly be one of the effects 
of an earthquake. 

46. Vibrations from a Disturbance of which the Sphere is small, but the 
Intensity not small. Sea Wave of Earthquakes.—lIf the intensity of the 
disturbance should be much greater than in the cases hitherto considered, 
while the space through which it extends is small, the movements excited 
in the immediately surrounding rocks, but more especially in those situated 
vertically over the disturbance, will be greater than those to which the re- 
sults above given would be strictly applicable. Still the resulting waves 
would be propagated in nearly the same manner, and, at a sufficient distance, 
the vibrations would become small enough to render the results already 
enumerated as applicable to this as to the former cases. In strictness we 
should regard the original disturbance as extending to those limits within 
which the: disturbance should be too great to be propagated according to 
the laws of propegation of small vibrations. The distinction however is 
perhaps scarcely worth much attention, in the application we are now 
making of the theory of small vibratory motions to a case which can scarcely 
admit of any but somewhat rough approximations. 

The difference between this case and those considered in Section I. of 
Part ITI., consists in the horizontal extent of the disturbance. A superficial 
elevation will be here produced, but it will be only of small horizontal ex- 
tent compared with those produced in the other cases just referred to, and 
will not here call for further remark, unless it be produced in the bed of the 
ocean. In this case a sea wave will be generated of the nature of that 
already discussed (art. 36). This wave will diverge in all directions from 
the central points of the disturbed portion of the sea bottom. Let 4, be the 
depth of the sea, / the height of the crest of the wave above the surface of 
the sea; then if 4, be much greater than A, the velocity with which the 
wave will be propagated will = “gh, nearly, and will therefore depend on 
the depth of the sea. If the depth be uniform, the velocity of propagation 
will be the same in all directions, and the front of the wave will form a 
circle whose centre will be the point from which the wave diverges, After 
a certain time the point of the surface of the sea which was first disturbed 
will come to rest, while the wave will continue to diverge. It will then be 
bounded internally by a circle concentric with that which forms its outer 
boundary, the space occupied by the wave being thus a circular annulus of 
which both the outer and inner radii are constantly increasing, while their 
difference, or breadth of the wave, remains nearly the same. The height of ' 
the crest of the wave will be nearly in proportion to the reciprocal of the 
square root of the space through which it has diverged. This wave will 
also be accompanied by a current, the velocity of which depends on the 
height of the crest (h) and depth of the sea (A,). It is generally much less 
than that with which the wave is propagated, especially in deep water. 

In the above description, the depth of the sea has been considered uni- 
form. If the depth decrease the velocity of propagation will decrease, or 
the converse ; and consequently, if the wave diverge into parts of the sea 
of different depths, its front will no longer preserve its circular form. The 
rapidity with which the wave will rise from its external boundary to the 
summit of its crest will depend on the rapidity with which the bottom of 
the sea and the superincumbent water have been elevated from their un- 
disturbed position. If the elevation take place slowly, the distance between 
the front of the wave and its crest may be comparatively great; but if the 
elevation be rapid, the wave will assume the character of the tidal wave 
called a bore, and its crest will be near its extreme front boundary. In any 
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case, should the height of the wave be considerable, it will assume more or 
less the character of an enormous breaker as it enters into shallower water 
in its approach tothe land. The first effect on shore will be that retirement 
of the water which may be observed on a smaller scale, as the effect of every 
ordinary wave immediately before it breaks on the beach; and soon after 
the, great wave will burst with overwhelming force upon the shore. Such 
waves are well known to have been frequently attendant on great earth- 
uakes. 
q I have already given a formula (art. 43) for the approximate determina- 
tion of the centre of disturbance, depending on the retardation of one of the 
two waves of vibratory motion proceeding from the same original disturb- 
ance, and we might in like manner avail ourselves of the difference between 
the apparent horizontal velocity of propagation of either of these vibratory 
waves and the velocity of the great sea wave, to deduce an accurate formula 
for the determination of the distance of the centre of divergence of the sea 
wave, or the point vertically above the subterranean centre of disturbance. 
The velocity of the sea wave, however, for any probable depth of the sea, 
will be so small compared with that of the vibratory wave, that it may suffice 
to consider the time of the arrival of the latter at the place of observation 
as coincident with that of the departure of the sea wave from its centre of 
divergence. Let T denote this interval. “Also let « denote the velocity of 
the sea wave, or that velocity with which it would move if the depth of the 
sea were uniform and equal its mean depth, between the point of divergence 
and the point of observation. Let h, be this mean depth; then the approxi- 
mate distance between these two points will 


=u.T 

= V gh,.T, 
and will therefore be known if we have any means of ascertaining the ap- 
proximate value of 4,. 


§ On the production of a Surface Wave in the Fluid beneath the Earth's 
Crust, and its possible effects on the Elevation of the Crust. 

47. The great sea wave above described has been supposed to originate 
in the sudden elevation of the sea bottom, but it might manifestly be equally 
produced by any sudden expansive action within the water itself, the con- 
dition being, in alt casea, that the cause producing the wave shall act so 
suddenly as to elevate the fluid situated immediately over the seat of action 
before the internal fluid pressure arising from the compression produced by 
this sudden action, has had time to equalize itself by propagation tu other 
parts of the fluid. A wave of the same kind might also be produced in the 
fluid mass which we have supposed to exist beneath the earth's solid crust. 
If the crust were thin, light and flexible, a surface wave might be produced 
with nearly the same facility as if the surface of the fluid were perfectly. 
free; but if, on the contrary, the crust should be thick, heavy and inflexible, 
it would require an instantaneous explosive action of enormous intensity tu 
elevate to any considerable height the superincumbent crust, before the fluid 
pressure should be propagated to surrounding points. To understand the 
rapidity with which the propagation and equalization of fluid pressure will 
take plate, it must be observed that the explosive action here supposed 
would produce a strong vibratory wave of compression, and that the increase 
of pressure due to the compression would be propagated to distant points 
with the velocity of this vibratory wave. If the surface of the fluid were 
free, or the crust reposing upon it were very thin, the resistance to the ex- 
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~ plosive action would be comparatively small, as would be also, therefore, the 
compression of the fluid in the immediate vicinity of the centre of explosion. 
In such case the intensity of the vibratory wave of compression, and the 
pressure propagated by it, would be comparatively small, while the surface 
wave would be comparatively large. On the contrary, the crust being heavy 
and rigid, the compression of the fluid would be great, and a pressure of 
great intensity. would be propagated by the resulting vibratory wave. Now, 
the velocity with which such a wave is propagated is such that an extremely 
short space of time might suffice to equalize the pressure in every part of 
‘the fluid, and if a sensible surface wave were not produced before the expi- 
ration of this short time, it manifestly could not be produced at all. Thus 
suppose the explosive action to arise from the rapid production of elastic 
vapour within the fluid, and along a median line from one extremity of the 
fluid mass to the other. Also, suppose the process of generating the elastic 
vapour to be such as to require a certain number of seconds (which we may 
denote by 2) before the elastic force became sufficient to cause incipient 
elevation of the crust. In water the velocity of propagation for a vibratory 
- wave of compression is about 4800 feet per second; in fluid lava it would 
probably be considerably more. Assume it to be one mile per second. 
Then, in z seconds the vibratory wave, and with it an increase of pressure, 
will have travelled 2 miles on each side of the median line of action. This 
shows how rapidly the additional pressure produced by the compression of 
the fluid, would be propagated to distant points, and how inconceivably rapid 
must be the generation of elastic vapour to produce an elevating force suffi- 
cient to cause a considerable elevation along the median line of its action, 
not exceeding a few miles in breadth, and before the remoter portions of 
the superincumbent crust should be subjected to the action of the elevating 
force. If the crust were so thin and flexible as to require but little force to 
elevate it, such might possibly be the manner in which the elevation would 
commence ; but that an elastic force capable of elevating a mass of the thick- 
ness which many elevated portions of the earth’s crust musi have had, should 
have been thus instantaneously generated, appears, I think, altogether in- 
credible. 

If however this narrow linear elevation were to be thus instantaneously 
raised, an undulatory movement would doubtless be propagated on either 
side to the remoter portions of the crust reposing on the fluid beneath, ex- 
actly analogous to that of a great sea wave, except that the height of the 
wave would probably diminish rapidly in its progressive movement, on 
account of the inflexibility of the solid crust. Each portion of the crust 
would thus be elevated successively in a great surface wave, and fissures 
might thus be produced, not by the general and simultaneous tension of the 
whole mass, as in the theory previously considered, but by the local tension 
and curvature of the different portions as they were successively raised into 
their wave-like form. 

This is the mode of action attributed to the subjacent fluid by some geolo- 
gists, if I understand their views on the subject correctly; but it appears to 
me that no theory can be deemed admissible which involves the hypothesis 
of the tustantaneous generation of elastic force to the enormous amount re- 
quired, and without any continuous previous generation of a similar force. 
If, on the contrary, we allow the continuous generation of force, till the 
superincumbent mass should be brought into a general state of tension 

ing on dislocation, it must be to the tension so produced that the pri- 

mary phenomena, fissures, would be principally due, whatever might be the 

manner of producing the smail additional elevating force which would be 
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necessary to cause actual dislocation. In this form the theory would be only 
a modification of that which has been already developed. The primary 
phenomena would be accounted for in the same manner in either case, 
leaving the secondary phenomena only to be affected by the undulating 
movement of the wave. Still the production of a wave of great magnitude 
would present the difficulty already insisted on, and so far as we may admit 
the existence of an undulatory wave at all, I should be disposed to regard it, 
not as the immediate cause of the primary fissures, but as the consequence of 
a great fissure produced by the general tension of the mass, and the sud- 
den elevation which might result from it along the line of dislocation. It 
is very possible, I conceive, that a surface wave might be thus generated, 
which, though comparatively small, might produce sensible effects on the 
crust already fissured, or might even in some cases be effective in producing 
new fissures. We may remark that fissures attributable to this cause, since 
they must be parallel to the wave producing them, would be generally 
parallel to the great primary fissure, from the formation of which we are 
here supposing the surface wave to have originated. 


§ On the Observations required for the determination of the Centre of 
Earthquake Vibrations, and on the Requisites of the Instruments to be em- 
ploy 
48. I should exceed the bounds prescribed to me in this Report, if I were 

to enter into any discussion of the mechanical contrivances by which instru- 
ments may be rendered sufficiently accurate and sensible to record the pre- 
cise character of an earthquake vibration and the instant of its occurrence; 
but it may be well to make a few remarks suggested by the preceding theo- 
retical exposition, respecting the requisites of such instruments. 

Taking the simplest case of vibration, that of a rectilinear one, three ele- 
ments are necessary for its complete determination. These may be, for 
instance, the whole amplitude of the vibration and two angles to determine 
its direction ; or the vertical and horizontal amplitudes of vibration with the 
direction of the latter; or the three amplitudes parallel to three fixed lines 
perpendicular to each other, of which one may be taken vertical and the 
other two horizontal. In addition to one of these sets of elements, or of 
some other equivalent set, it would be absolutely essential that the instru- 
ment should determine the exact instant of the beginning of the vibratory 
motion by a self-registering apparatus. 

T have already intimated that the most important result in a geological 
point of view, to which we may expect observations on earthquake vibra- 
tions to lead us, is the position of the focus from which such vibrations pro- 
ceed; and we may observe that the roughest approximation to this position 
would constitute a very important geological element, and might sweep away 
mucb that is vague and fanciful in geological speculation. The approxi- 
mate determination of the point C (fig. 13) directly above the focus (sup- 
posing the motion to proceed from a single centre), would probably present 
little difficulty, and would only require two instruments placed at points on 
two lines from C, making an angle with each other not too remote from a 
right angle. This would require instruments capable of registering merely 
the horizontal projection of the direction in which the points, where they 
were respectively placed, should move at the first instant of the vibratory 
motion. The distinction between this intial motion and that which any 
particle may have subsequently, must be carefully attended to, because, as 
already explained (art: 42), it is only the initial motion which can be de- 
pended on to indicate the direction of the waves propagation. Other 


4 


ON THE THEORIES OF ELEVATION AND EARTHQUAKES. 91 


methods might also be adopted for the determination of C. Suppose for 
instance two points were known, at which the vibratory wave arrived at the 
same instant, then, if we bisected the line joining these two points, and drew 
another line perpendicular to it through the point of bisection, the latter 
line would pass through C, assuming always the spherical form of the general 
vibratory wave. In some cases also, as in those of earthquakes in the neigh- 
bourhood of insulated volcanos, circumstances may indicate, antecedently to 
any instrumental observations, the approximate position of the point in 
question. 

C being determined, the determination of the depth CO of the centre of 
disturbance, by the formula (G.) (art. 43) would require the values of the 
horizontal velocity (v) of the wave, and of its absolute velocity (V). For 
the determination of v, two instruments would be necessary merely to record 
the exact times of the initial shock at two places, which ought to be situated 
as nearly as should be convenient on the same line through C. They ought 
not to be too near C, because the variation of horizontal velocity would there 
be very rapid; nor ought they to be so far removed from that point that the 
angle 6 (fig. 18) should approximate too near to a right angle, because the 
difference between v and V would then be co small that a small error in the 
determination of either would vitiate the result given by the formula. 

I have already indicated (art. 40) how the absolute velocity of propagation . 
(V) might be determined if we could ascertain the coefficients of elasticity 
of a number of rocks similar to those which may be presumed to constitute 
the portions of the earth’s crust through which earthquake vibrations are 
propagated. And here I would again remark on the insufficiency of attend- 
ing only to the coefficient of finear expansion; that of cubical expansion 
must also be determined. We might also determine V by observing the 
horizontal velocity at such a distance from the origin of the motion, that the 
horizontal and absolute velocities of propagation might be considered as 
approximately equal, and in the present imperfect state of our knowledge 
respecting the velocity with which vibratory motions are propagated through 
solid masses, this would probably be the best way of determining the quan- 
tity in question. 

In a region surrounding an active volcano, it is probable that a sensitive 
instrument would detect a great number of slight earthquake shocks which 
would pass entirely unnoticed without some special means of observation ; 
and if, moreover, the volcano should be an insulated one, like Vesuvius for 
example, we should have a case in which, as already remarked, the position 
of the point above denoted by C, might be considered as very approximately 
known, assuming the shocks to originate in the interior of the voleanic moun- 
tain. Such a region will naturally suggest itself as one in which we should 
best commence our instrumental observations, and soonest ascertain the capa- 
bilities of our instruments. With the assumption just mentioned respecting 
the origin of the vibratory wave, the only essential requisite of the instru- 
ments used would be that they should note accurately the instant of the 
tzitial shock at the respective stations chosen as above mentioned for the 
determination of » and V; without the above assumption, it would also be 
requisite that the instruments should indicate the horizontal direction of the 
tnitial vibratt This latter requisite belongs. I believe, to several instru- 
ments already invented; in fact, the determination of the horizontal direction 
of vibration is manifestly a much more simple problem than that of the abso- 
lute direction. The period and amplitude of vibration would not be at all 
necessary. [am not aware that any self-registering instrument has yet been 
constructed with the power of recording the exact instant of ashock. With- 
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out this requisite, however, no instrument can have the slightest value for 
the purposes here contemplated. 

In the methods above suggested, the horizontal direction of propagation 
is alone required; but if V, and V, could be determined with sufficient accu- 
racy by means of the coefficients of linear and cubical expansion, the formula 
(6.) (art. 43) would give immediately the position of O by a single observa- 
tion, provided our instrument could determine the time denoted by T, and 
the absolute direction of propagation of the wave within the earth. This 
direction will coincide with that of the normal vibrations of the wave arriving 
first at any point within the earth; but it should be observed that the par- 
ticles situated at the surface will not generally vibrate in the same direction 
as those within the vibrating mass. Consequently, supposing we had an in- 
strument with the above-mentioned requisites, it would be necessary, for the 
object here proposed, to place it at a certain depth below the surface of the 
earth ; and here again the interference of the wave reflected back from the 
surface into the interior mass, with the incident wave, would render the ob- 
servations useless, unless the instrument were placed at a sufficient depth. 
Let this depth =&, and let 6 denote the angle of incidence, as in figure 13; 
then it is easily shown that the interval of time between the arrival of the 
incident and reflected waves at the point of observation = oe 0 Now, 

1 

since the sounds usually resulting from these vibrations are continuous sounds, 
s0 many vibrations must take place in a second, that if the instrument were 
placed, for instance, in a mine at the depth of a few hundred feet, several 
complete vibrations of the incident wave might be completed at the point of 
observation before the arrival of the reflected wave; and if the instrument 
should be capable of recording the absolute direction of these initial vibra- 
tions, independently of the subsequent ones due to the combined effects of 
the two waves, the absolute direction of propagation of the wave in the in- 
terior of the terrestrial mass would be determined as required. 

The advantage of this method would consist in its requiring only a single 
instrumental observation; but the exactness with which the observation 
must be made, and the few localities in which the instrument could be placed 
at the requisite depth, must necessarily render the method comparatively 
useless for the general determination of the depths of volcanic foci. I have 
entered into this brief discussion of it to indicate the precautions which 
would be required in the adoption of any method depending on the. deter- 
mination of the absolute direction of vibration within the vibrating mass. The 
methods above indicated, depending on the horizonal direction of vibration, 
will probably be found far more simple in application, and far more deserving 
of confidence. We may remark, however, that the determination of the 
absolute directions of vibration, if it was found practicable in any one 
locality at a sufficient depth below the surface, would be highly interesting 
on account of the experimental knowledge it would afford of the characters 
of vibratory motions propagated through solid media. It may also be re- 
marked, that though we could not for this purpose avail ourselves of similar 
determinations made upon the surface of the vibrating mass, these latter 
might also give results affording interesting tests of theory; and, moreover, 
in giving the vertical as well as the horizontal parts of the superficial vibra- 
tions, they would afford us a knowledge of oue of the essential elements of 
earthquake movements considered with reference to their disturbing and 
dislocating effects on objects placed on the earth’s surface and subjected to 
their influence. 
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Report on the Microscopic Structure of Shells. Part II. 
By Wiuviam Carpenter, M.D., F.R.S., F.G:S. 


(Continued from Report for 1844, p. 24.) 


Introductory Remarks. 


In my former Report I gave an account of the principal varieties of elemen- 
tary structure, which had presented themselves to me during a minute and 
extensive examination of the shellsof Mollusks; and I described the peculiar 
combinations and arrangements of these elements, which are characteristic 
of the following groups of Bivalves, namely, the Brachiopoda, the Placunida, 
Ostracee, Pectinide, Margaritacee and Nayadee On the present occasion 
I shall enter into similar details in regard to the remaining families of the 
Lamellibranchiata ; and shall state the results of my inquiries into the 
structure of the shells of the Gasteropoda and Cephalopoda. These last are, 
however, chiefly of a negative character. 

Before proceeding, however, to this continuation of my former Report, I 
shall make a few additions to the facts contained in it, as to the structure of 
the shell in certain of the groups therein described, which have resulted from _ 
the continuation of my inquiries into their organic peculiarities. 


I. Observations Supplemental to former Report. 


57. Brachiopoda.—When drawing attention (§ 41) to the very remark- 
able system of perforations presented by the shells of certain species of Ze- 
rebratula and allied genera, I was obliged to express my ignorance of the 
relation which these passages have to the structure and ceconomy of the 
animal; not having had at that time the opportunity of examining a shell, the 
animal of which had been preserved in situ. This opportunity, however, by 
the kindness of Mr. Cuming and Mr. MacAndrew, I have since enjoyed ; 
and I can now communicate the results of my inquiries, which, though not 
fully satisfactory, will be found, I think, to possess much interest. 

58. The species on which my observations have been made, are the 7. 
australis, and the 7. caput serpentis (7) lately discovered to be a native 
of our own seas. When a thin portion of a shell of either of these (and 
probably therefore of any of the perforated species of Terebratula) which 
has been preserved with the animal in spirit, is ground down from the tnner 
side, so as to leave the outer surface unchanged, it will be seen that each 
perforation in the shell is covered-in by an oval membranous disc, whose 
texture appears very firm (fig. 1). When a thin section thus made is ex- 
posed to the action of dilute acid, so as to remove from it the calcareous 
matter, it will be seen that these discs are connected together by a layer 
of very pellucid membrane, in which no distinct structure can be made 
out (fig. 2); this membrane, differing as it does from the membranous 
basis of the interior layers of the shell, is probably to be regarded in the 
light of an epidermis. When a portion of the shell, not reduced in thick- 
ness, is completely decalcified by immersion in dilute acid, and the mem- 
branous residuum is then examined, a very remarkable structure presents 
itself, such as is found in no shells of the Lamellibranchiate Bivalves. At- 
tached to the membranous films are a series of tubular appendages, corre- 
sponding in diameter to the perforations in the shell, and arranged at the 
same distances (fig. 3). The free extremities of these appendages are much 
larger than those by which they are attached to the membrane, and have 
distinct ceca? terminations, which appear by the straightness of their border 
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to have been flattened against the discs that closed the orifices of the per- 
forations in the shell. Indeed in some instances these dises have remained 
adherent to them, when the shell-membranes were torn asunder; ard are 
seen edgeways, as in fig.3,a. There can be no doubt, therefore, that these 
membranous ceca occupied, in the living animal, the perforations already 
' described as penetrating the shell from one surface to the other. This will 
be still more evident on reference to fig. 39 of my former report; in which 
it will be seen how exactly the shape of the ceeca corresponds with that of 
the perforations, when the latter are laid open lengthways by a section of 
the shell perpendicular to its surface. The dower margin of that figure cor- 
responds with the ower surface of the shell, and the diameter of the perfora- 
tions is seen to be there greatly increased. With regard to the office of 
these czeca, however, I am unable as yet to give any distinct explanation. 
Their contents are of a brown granular character, in which I have recog- 
nised distinct cells (fig. 4), such as are to be met with in the tubuli and 
follicles of ordinary glands; and their whole aspect satisfies me that they 
must be regarded as possessing a glandular character. I have not been able, 
however, to discover the nature or destination of their secretion *. The in- 
ternal orifices of the perforations obviously constitute the outlets of the 
ceeca ; but there does not appear to be any system of tubes or canals for col- 
lecting the matters poured out from them, each cecum having its distinct 
and independent termination on the internal surface of the shell. Although 
the unusual degree of adhesion between the mantle and the shells of Zere- 
bratule, first noticed by Professor Owen, formerly led me to suspect that the 
mantle might send prolongations into the perforations of the shell, I have not 
been able to discover any vestige of such. On the contrary, it has appeared to 
me that the mantle, which is a nearly homogeneous membrane where not 
traversed by vessels, is simply applied to the internal orifices of the ceca, 
and continued over them; no trace of any connection with them being visi- 
ble when it is detached from the shell. 1 may mention, however, that I have 
found the surface of the mantle in contact with the shell to be scattered 
over with minute cells, corresponding in size and aspect with those con- 
tained in the cecal tubes (fig. 4, a). 

59. The physiological purpose of this curious structure, therefore, is at 
present a mystery ; but there can be little doubt that it isa very iinportant one 
in the ceconomy of the animal, when we see the shell thus rendered subser- 
vient to the special protection of these cecal appendages. And there is 
evidently strong reason for regarding the presence or absence of the perfo- 
rations in the shell as a character of greater value in the subdivision of the 
genus Zerebratula and its allies, than those more trivial indications furnished _ 
by the external conformation of the shell, which seem to have little to do 
with the structure or ceconomy of its inhabitant. I am very happy to find 
this opinion sanctioned by so high an authority on the classification of the 
Brachiopoda as Mr. Morris, who has laid great stress on the presence or 
absence of these perforations, as exactly corresponding with characters de- 
rived from the relation of the foramen to the deltoidal areat. And I am 
quite content to accept his correction of an error into which I had fallen 
(through an accidental disarrangement of my sections) in the classification 


* Should I, however, be ever fortunate enough to have the opportunity of examining a 
Sresh specimen, I shall be able to form a better idea of the former than is possible from spe- 
cimens preserved in spirit. 

+ See his paper on the subdivision of the genus Jerebratula, in the Journal of the Geo- 
logical Society, vol. ii. p. 382. 
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of species under the two heads of “ perforated” and “ not perforated,” which 
I gave in my former report (§ 42); Zer. coarctata and Ter. subrotunda being 
perforated, whilst Jer. acuéa is not perforated. 

60. Placunide—As the “ prismatic cellular structure” appeared to be 
peculiarly characteristic of the group of shells with the lobes of the mantle 
completely divided—presenting itself most typically in the Margaritacea, and 
in a subordinate degree in the Ostracee on the one hand and the Untonida 
on the other—I could not readily account for its apparently complete 
absence in the shells of this family. I have since ascertained, however, that 
a very thin but distinct layer of it may sometimes be traced on the .exterior 
of Anomia ephippium (fig. 7); and I am disposed from analogy to believe 
that it is constantly formed in the first instance, but is subsequently more or 
leas completely worn away. Since my former Report, I have also examined a 
specimen of Placunanomia; and have found that whilst its general texture 
closely resembles that of its congeners, there is one part of the shell—that 
which bears the muscular impression and surrounds the passage for the so- 
called bony attachment —which has a more solid and less laminated character, 
and is made up ofa distinct cellular structure. The “bony attachment” of 
Anomia and Placunanomta differs entirely in structure from the shell to 
which it belongs; I have not been able, however, to satisfy myself fully in 
regard to the plan of its formation, and I therefore refrain from now at- 
tempting to describe it. I may state, however, that it has nothing in common 
with true bone in its texture, save the large proportion of animal matter 
which it contains. 

61. Pectinide—For the reason just stated, I have always been on the 
outlook for indications of the prismatic cellular structure on the exterior of 
the shells of this gfoup also; but I had not succeeded in distinctly tracing 
them at the time of my former Report. I was disposed to account for this 
by supposing that the first-formed or external portions of the shelly layers are 
usually abraded, perhaps in consequence of the compuratively active move- 
ments of these animals. My expectation has been in some degree justified by 
the discovery of a thin but beautifully distinct layer of this substance on the 
exterior of Pecten nobilis, as represented in fig. 6. I would suggest it to 
those who may have the opportunity of prosecuting the inquiry, to examine 
the shells of very young Pectens, which may be usually viewed by trans- 
mitted light without any preparation. 

62. Margaritacee.—In describing the prismatic cellular structure, as it is 
presented in the shell of Pinna and its allies, 1 drew attention (§ 11) to the 
transverse markings which are seen upon the membranous walls of the pris- 
matic cells, and also upon the calcareous prisms which they enclose, when 
these two elements of the structure are obtained in a separate form. And 
I stated my reasons (§§ 12, 1%) for not assenting to the interpretation of 
this appearance offered by Mr. Bowerbank, who regards these strise as indi- 
cative of the presence of tubes; but for considering them as produced by a 
simple thickening of the cell-membrane, at the points where successive layers 
of flat epithelium-cells have coalesced in piles, so as to make up the long 
prismatic cells or tubes which characterize the fully-formed shell substance. 
Since that time I have made repeated and careful examinations into this 
question ; and I have now to present what I believe to be demonstrative evi- 
dence of the correctness of the view which I had taken. Amongst the 
various species of Pinna which I have examined, the Pinna rudis is most 
remarkable for the large quantity of animal matter interposed between the 
linings of contiguous cells, and also for the clearness and strength of the 
transverse markings on their walls. In making vertical sections of its decal- 
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cified membrane, I have several times found them disposed to split, in the 
manner represented in fig. 5. The fissures have always taken place exactly 
tn the line of the striations; showing just that tendency to separation at 
these parts of the prisms, which might be expected if the supposed coalescence 
had imperfectly taken place. In some instances it will be seen that the 
layers thus separated still contain two, three, or four of the single original 
layers; but at a, a will be seen the edges of single layers, which have become 
detached for a part of their length from those with which they were pre- 
viously incorporated ; and at 5, 6 are portions of similar layers that are so 
twisted upon themselves, as to exhibit their surface as if it had been ex- 
posed by a section in the contrary direction. This surface presents the 
division into irregularly-hexagonal cells, which is characteristic of the struc- 
ture; and we have thus an excessively thin layer, separating itself naturally, 
but showing us precisely the appearances of a similar layer artificially ob- 
tained. No trace of a vessel is here to be seen, the divisions of the cells 
being formed by the deposit of animal matter between them in unusual 
thickness. 

63. Nayadee.—A vertical section of the shelf of Unto occidens, in which 
the prismatic cellular structure is remarkably thick, has afforded me the op- 
portunity of ascertaining that the prismatic cells, when brought into view in 
a longitudinal direction (fig. 9), have exactly the same characters as those 
of the Margaritacee ; and also of showing the manner in which the shell is 
enlarged by the addition of new layers. The ordinary statement—that the 
shells of the Conchiferous Acephala are progressively enlarged by the depo- 
sition of new layers, each of which is in apposition with the internal surface 
of the preceding, and at the same time extends beyond it—does not express 
the whole truth; for it takes no account of the fact that most shells are 
composed of two layers of very different texture, and it does not specify 
whether both these layers are thus formed by the entire surface of the mantle 
whenever the shell is to be extended, or whether only one is produced. A 
reference to fig. 8 will, I think, clearly show the mode in which the operation 
is effected. This figure represents a section of the margin of one of the 
valves of Unio occidens, taken perpendicularly to its surface, and exhibits 
the two layers of which the shell is composed ; the upper one being the outer 
or prismatic layer, the cells of which are traversed longitudinally by the sec- 
tion ; and the lower one being the internal or nacreous Jayer. The latter is 
traversed by numerous lines, a a’, b6', and cc’, which evidently indicate succes- 
sive formations of this layer; and these lines may be traced from the margin 
(the left-hand extremity of the figure) towards the umbo, in such a manner, 
that, at every enlargement of the shell, its whole interior is lined with a new 
nacreous lamina; the number of such lamine, therefore, in the oldest part 
of the shell, indicating the number of enlargements it has undergone, as the 
age of an exogenous tree is indicated by the number of concentric rings in. 
its stem. But it will be seen that each nacreous lamina is in immediate con- 
tact with the one which preceded it; so that the new lining thus produced 
is not formed of both kinds of shell-substance, but of that only which pro- 
perly constitutes the szner layer of the shell. The ouéer or prismatic layer, 
on the other hand, is only formed where the new structure projects 
the margin of the old; and thus we do not usually find one layer of it over- 
capping another, except at the lines of junction between two distinct forma- 
tions. Towards the margin, however, the arrangement is more complicated; 
and it appears to me to indicate that, even when the shell has attained its 
full dimensions, new lamines continue to be formed one after the other, the 
entire shell being lined, as before, with a thin layer of nacre, whilst the lip 
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is thickened by successive formations of prismatic structure. The epidermis 
seems to be here present between the successive laming, as is better seen in 
fig. 10, which shows the appearances presented by a section of the lip on a 
larger scale. The position of the letter c shows the corresponding parts in 
figs. 8 and 10. 

64. If we revert to the mode in which the well-known shell of Osérea is 
enlarged, we shall perceive that there is such an essential conformity be- 
tween the two cases, as may justify us in founding our general description of 
the process upon the indications which they present. A cursory inspection 
of the shell of the Oyster shows us that it is composed of two different sub- 
stances ; the principal part of its thickness being made up of the white inner 
layer (which I have termed sub-nacreous, § 29), the successive lamine of 
which have comparatively little adhesion to each other; whilst the margin of 
each of these lamine is covered on its exterior with a border of a more 
elastic brownish-yellow substance, which the microscope shows to be com- 
posed of prismatic cellular structure. Now these external layers are quite 
disconnected, instead of being continued by the junction of their edges one 
with another as in Unio; and we thus see plainly that, as long as the shell 
continues to grow, it is only where the new inner layer projects beyond the 
margin of the old, that the outer layer is generated. But we may observe at 
the margin of a full-grown oyster exactly that which has just been described 
in the lip of Unio, namely, a succession of lamine of prismatic cellular 
structure, superposed one upon another, although (like the other layers of 
this shell) with little or no mutual adhesion. 

65. I believe, therefore, that the true history of the enlargement of the 
shells of the Conchiferous Acephala is this :—The margin only of the mantle 
has the power of giving origin to the outer layer of the shell, whilst its whole 
surface may generate the inner. Every new production of shell consists of 
an entire lamina of the latter substance, which lines the whole interior of the 
old valve, and of a border or margin of the former, which thickens its edge. 
So long as the animal continues to increase in dimensions, each new interior 
layer of shell projects so far beyond the preceding, that the new border com- 
posed of the outer layer is simply joined-on to the margin of the former one ; 
so that the successive formations of the outer layer scarcely underlie each 
other. But when the animal has arived at its full growth, the new lamine 
cease to project beyond the old ; and as each is still composed of a marginal 
band of the external substance, attached to the edge of an entire lamina of 
the inner, these bands must now underlie each other, being either quite free as 
in Ostree, or closely united to each other as in Unio and most other Bivalves. 
We shall hereafter see that the additions to the shells of Gasteropoda are 
really made upon the same plan, although it has been commonly supposed 
that they are only attached to the edge of the old shell, instead of being con- 
tinued over its internal surface. ; 


II. Continuation of former Report. 

66. In passing from the families of Bivalve Mollusca considered in the 
former Report, in which the lobes of the mantle are unadherent, to those in 
which they are partially or completely united, we encounter a gradual change 
in the texture and condition of the shell. We have seen that in the Margari- 
tacee (which may probably be regarded as the types of the former division, 
§ 56), the external portion of the shell is composed of a substance which al- 
ways retains its cellular character; the partitions between the cells being firm, 
tenacious membranes, which altogether bear a large proportion to the cal- 
careous substance they enclose. In the group we are now to consider, how- 
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ever, the animal basis is usually very small in amount, and cannot be distin- 
guished from the calcareous constituent by the simple examination of a trans- 
parent section of the shell-substance. When the shell is submitted to the ac- 
tion of dilute acid, so as to dissolve away its mineral portion, the only residue 
is usually a set of lamine, more or less numerous, of a pellucid membrane of 
extreme tenuity, in which no distinct cellular structure can be discerned. 
A few detached cells are occasionally to be observed, scattered amongst its 
folds; but these are destitute of the firm walls which bound the calcareous 
prisms of the Margaritacee. There are certain genera, however, in which 
the structure of the shell is nearly the same as that which characterizes the 
last-named family; of these the most remarkable are Pandora and Solemya, 
to which a more patticular reference will be made hereafter. 

67. It is not to be inferred, however, from the comparative deficiency of 
animal matter, and from the general absence of distinct cellular structure, in 
the shells of this division of the Lamellibranchiate Mollusca, that they are 
originally formed upon a plan altogether different from that which is followed 
in the preceding groups. For I think that there is good evidence, that, how- 
ever dense and apparently homogeneous the texture of the fully-formed shell 
may be, it is generated in the first instance in the same manner as the di- 
stinctly-cellular shells; that is, by the agency of the epithelium of the mantle, 
the cells of which seem to have the power of consolidating themselves by 
drawing calcareous matter into their interior. In nearly every family I have 
been able, on careful scrutiny, to discover indications of a cellular structure 
in some portion of the shell. Sometimes they are extremely distinct in 
nearly the entire shell,—as in several genera of the family Myacee,—when 
the amount of membrane left after the decalcification of the shell by dilute 
acid is very small, and no traces of cells can be discovered in it. In other 
cases the distinct cellular structure is confined to one portion of the shell; 
but instead of being separated from the remainder by an abrupt line of de- 
marcation, it passes so gradually into it,—the boundaries of the cells beco- 
ming progressively less and less distinct until they are altogether lost,—that 
the identity in original character between the distinctly cellular structure 
and the apparently homogeneous substance can scarcely be doubted. Of 
this we shall see characteristic examples in Mya, Solemya, and some other 
genera. It would seem as if, in the final process of consolidation, the cell- — 
walls had a tendency to liquefy or dissolve away, unless supported by addi- 
tional deposits of animal matter, and thus to allow of the complete fusion of 
their contents. This loss of the original boundaries of the cells, and the con- 
sequent obscuration of the real nature of the structure, is by no means pecu- 
liar to shell. The researches of Prof. Owen upon the development of the 
teeth, show that it takes place also during the formation of dentine; the 
cases in which vestiges of the original cells are preserved being few in pro- 
portion to those in which they are obliterated, but serving indubitably to 
mark the real nature of the transformation of the soft pulp into the dense 
ivory*. And a similar change seems to take place in the formation of the 
calcareous integument of the Crustacea, which, as we shail hereafter see, 
corresponds with dentine in its principal characters. This feature in the 
structure of the shells I am about to describe, is therefore one of consider- 
able interest in General Physiology; and I shall dwell upon it with corre- 
sponding minuteness of detail. 

68. I am strongly inclined to believe that the peculiar tenacity of the de- 
calcified cellular substance in the Margaritacee and certain other genera, is 
due, not so much to the strength of the original cell-walls, but to the inter- 

® *Qdontography,’ Introduction, p. xlvi. 
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position of a homogeneous, intercellular substance between the cells; which 
substance answers the double purpose of giving additional firmness to the 
cells, and of holding them closely together. It is evidently of a horny cha- 
racter, and seems to correspond with that which forms the byssus in Pinna, 
and which is thrown out as the periostracum in other families. The fact that 
in Perna we occasionally find, between the calcified layers, membranous 
lamin, consisting chiefly of horny matter interposed between rounded cells 
that are widely separated from each other, seems to add weight to this view 
(see fig. 12, Plate VI. of former Report); since it shows that the degree of 
proximity into which the cells may be brought, depends upon the amount of 
material thus interposed between them. 


III. Mytilacee. 

69. Referring to my former Report (§ 53) for a statement of the reasons 
which appear to require the removal of Pinna from this family into a closer 
approximation with Avicula and other -Vargaritaceaz, I have at present to 
describe the structure of the shell in the genera Mytilus, Modiola, and Litho- 
domus; to these we must add Dreissena, which, as I shall presently show, is 
distinguished from Mytilus as much by the intimate structure of its shell as 
it is by other characters. These shells all possess a periostracum of horny 
membrane, in which I have not been able to detect any distinct structure. 
Between the periostracuin and the shell a thin layer of minute cells may be 
frequently detected ; they are very obvious, under a sufficiently high power, 
in Mytilus edulis. The shell itself presents two layers, which may usually 
be readily distinguished by their colour, as in the common mussel. The 
internal layer.is frequently iridescent, and nearly always possesses something 
of the nacreous Instre. Neither inner nor outer layer in Mytilus or Modiola 
presents any very distinct organic structure; and nothing but a delicate 
membranous residuum is left when the calcareous matter has been removed 
by acid. In Lithodomus, on the other hand, the external layer has a remark- 
able tubular structure, which strongly resembles that of dentine. The tubules 
are of such extreme minuteness as not to admit of accurate measurement; 
their diameter, however, certainly does not exceed 1-20,000th of an inch. 
Instead of having the irregalar reticulated arrangement which they have been 
shown to present in Anomia and Lima, the tubuli run, like those of dentine, in 
a nearly straight and parallel direction, seldom branching or inosculating, but 

passing obliquely from one surface of the layer to the other (fig.11). I think 
that I have been able to detect indications of an original cellular constitution 
in this tubalar substance, analogous to those which Prof. Owen has dis- 
covered in dentine. The structure of the shell of Dreissena polymorpha 
(formerly Mytilus polymorphus) is so different from that of Mytilus, as fully 
to justify its generic separation. The infernal layer is here composed of 
large prismatic cells (fig. 12), of which the transverse sections made by a 
plane parallel to the surface of the shell are shown at a, whilst at 6 are seen 
similar cells divided obliquely. Notwithstanding the distinctness of the 
boundaries of these cells in a section of the shell itself, I have not heen able 
to obtain any indications of them in the decalcified membrane, the original 
partitions between them having altogether disappeared. Between the internal 
white layer and the. periostracum, is a layer of a brownish colour, in which 
also traces of cellular structure present themselves, especially in a section made 
perpendicularly to its surface, which brings into view a decided prismatie ar- 
rangement. But here, too, there is an entire absence of any cellular structure 
in the delicate residuum which is left after the action of acid on the shell. 
H 2 
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IV. Tridacnacee. 


70. Of the shells of this family there is but very little to say, since neither 
in 7ridacne nor in Hippopus is there any distinct organic structure. Here 
and there obscure traces may be discerned, indicative of their cellular origin ; 
but the principal departures from perfect homogeneity are occasioned by what 
I have termed on a former occasion the corrugated structure (see § 18, and 
fig. 43 of first Report). Of the real nature of that structure, as elucidated 
by my subsequent observations, I shall have more to say immediately. 


V. Chamacee. 


71. In the foliated species of the genus Chama we again encounter a re- 
ticulated tubular structure, closely resembling that which has been already 
described in Anomia ephippium and Lima scabra. (See §§ 30, 31, and fig. 
40 of first Report.) This is chiefly found in the outer layer of the shell and 
around the bases of the foliations. In those species, however, in which these 
projections are least developed, the tubular structure scarcely presents itself; 
and as I find the same to be the case in the genus Lima, I am inclined to think 
that this structure has usually some relation to the formation of these curious 
appendages. In one portion of a section of the middle layer of a non-foliated 
Chama, I have met with a cellular arrangement (fig. 13, a) so distinct as to 
be unmistakeable, notwithstanding that it does not present itself in the mem- 
branous residuum. By a change in the direction of the layers of the shell 
relatively to the plane of the section, the latter passes (at 6) more obliquely 
across the partitions of the cells; and by a still further change, it traverses 
(at c) the divisions in a longitudinal direction. Now these divisions are such 
as I have before supposed to indicate mere corrugations in the basement 
membrane; but from the appearance here presented by the transverse sec- 
tion, and from other indications, I am now disposed to regard them as formed 
of long prismatic cells, bearing a general resemblance to those of Pinna, but 
much less regular in form. As the long prisms of Pinna are made up by 
the coalescence of a pile of flattened cells (§ 62), so would it appear that 
these less perfect structures have a similar origin, since delicate striee may 
frequently be seen to cross them transversely, or obliquely (see § 78, 
and fig. 29). I have already stated my reason for separating Etheria 
from this family; its thick external layer of highly-organized prismatic 
cellular substance showing (with other characters) its approximation to 
the group of which that structure is typical. Of the structure of Cletdo- 
therus I cannot speak, not having had an opportunity of examining the shell. 
And I regret that, for want of a good specimen in which the testaceous 
structure is preserved, I am not yet in a condition to speak positively as to 
the minute characters of the fossil genus Diceras, which has been supposed 
by some to be the connecting link between the Chamacee and the Rudistes. 
Nothing, however, that I have yet been able to observe sanctions such an 
opinion ; as there is not the least trace, in such specimens as I have examined, 
of the very peculiar cancellated structure characteristic of that group (§ 32 
of former Report). 

VI. Trigonacee. 


72. The structure of the shell of 7rigonia and Castaka, the two genera 
included by Lamarck in this family, is such as to bring us back towards the 
Nayadee ; for whilst the interior of the shell is composed of a thick layer of 
beautifully iridescent nacre, and the exterior is covered with a horny perios- 
tracum, there intervenes between them a distinct and well-developed cellular 
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layer. In Castalia this may always be distinguished where the epidermis is 
eroded near the umbo; a dead-white surface being seen where the erosion 
has not laid bare the nacre. In fact, as regards the structure of its shell, 
Castalia does not differ from the true Nayadee; and by this character it 
should be united with them. We have here another interesting example of 
agreement between the intimate structure of the shell and the general con- 
formation of the animal; since Deshayes and other recent systematists have 
expressed the decided opinion that the genus Castalia must be merged in 
Unio, as no valid distinctive characters can be assigned to it. In Zrigonia, 
on the other hand, the cellular layer is very thin, and the cells, instead of 
being polygonal, have their angles rounded off, very much after the manner 
of those which lie immediately beneath the epidermis of Unio (fig. 51, first 
Report®). The internal or nacreous layer of 7rigonia presents a few scat- 
tered and irregular tubuli; but from their minuteness and want of definite 
arrangement, their existence can scarcely be regarded as characteristic of it. 


VI. Arcacee. 


73. In this family I have examined shells from the genera Arca, Pectun- 
culus, and Nucula; the conformity in the structure of which is generally 
very close. The texture is usually the same, or nearly so, in the inner and 
the outer layers, although their colour may differ, as in Arca Noe or Pee- 
tunculus pilosus. The shell contains but a small proportion of the mem- 
branous element; and no other definite arrangement of its components can 
be made out, than is indicated by that kind of corrugated aspect already de- 
scribed. In many species of Arca and Pectunculus there is a very regular 
tubular structure, the tubuli commencing on the internal surface of the shell, 
in the intervals between the ribs, and spreading out as they pass towards the 
external surface, so as to meet each other from opposite sides of the ribs 
(fig.14). The diameter of these tubes varies from about 1—7000th to 1 -5000th 
ofaninch. All the species of Arca, in the shells of which I have met with 
them, namely, A. Noe, A. lactea, and A. barbata, belong to that division of 
the genus in which the valves gape for the passage of the byssus, or rather 
of the tendinous prolongation of the foot, by which the animals attach them- 
selves. The only species I have examined of that division in which the 
valves close completely, is A. senifis, in which the tubular structure is alto- 
gether absent. Should this difference be found to exist constantly between 
the species respectively belonging to these two groups, it will be another 
interesting example of conformity between the general structure of the animal 
and the characters furnished by the minute organization of the shell. In 
Nucula margaritacea the inner layer has the truly nacreous structure, as 
might be inferred ftom its iridescent lustre. In the outer, a small amount of . 
tubular structure may be observed; and here, as elsewhere, the tubuli in 
their course outwards seem to be directed towards the ribs, so as when they 
reach the surface to leave the spaces between these altogether free, whilst in 
the deeper parts of the tubular layer the tubuli are chiefly found in these 
spaces. In fig. 15 is shown a portion of the external layer, the section being 
made as near the outer surface as possible ; the tubuli are seen to open upon 
the dark bands aa, 66, which correspond with the ribs of the shell, whilst 


* By Mr. Bowerbank these cells have been described (Transactions of the Microscopical 
Society, vol. i p. 23) as belonging to the periostracum itself. His whole account of them, 
however, so exactly corresponds with the appearances which. the periostracum of Unio will 
exhibit, when it is detached from the shell by the agency of acid, but carries with it a por- 
tion of the layer beneath, that I have no hesitation in regarding my own description of their 
position as the correct one. 
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in the translucent intervening spaces some vestiges of cell-boundaries may 


be discerned. 
VIII. Cardiacee. 


74. Of the structure of the shell in this family there is little to be said, as 
it is very nearly the same with that of the preceding. In various species of 
Cardium which I have examined, I have found a considerable amount of 
tubular structure in the external layer, whilst in Jsocardia there is scarcely 
a vestige of it; thus bearing out the general statement that the presence of 
the tubular structure has a relation to the costations, foliations, or other 
sculpturing of the external surface. There is usually but little organic struc- 
ture to be discerned in the internal layer; and the only characteristic of the 
external layer, independently of the tubular structure, is its corrugated aspect. 
These negative characters, however, are not without their value, for they 
show that the structure of the shell in this family has nothing whatever in 
common with that of the remarkable Pleurorhynchus hibernicus, formerly 
termed Cardium hibernicum, with which some of the species of Cardtusm 
correspond so. closely in external form. The structure of this remarkable 
shell has been described in my former Report (§ 34). 


IX. Conchacee. 


75. Still less of organic structure is presented by the shells of this family, 
some of which are the hardest that are to be met with amongst the Bivalves. 
approaching the porcellanous Univalves both in density and in the almost 
entire absence of any trace of animal matter. The internal and external 
layers here differ in little else than their relative translucency, the latter being 
often rendered semi-opake by the deposition in their substance of a quantity 
of calcareous matter in a non-crystalline condition. In some species, a few 
scattered tubuli are to be met with; but these are seldom so definite either 
in size, number, or arrangement, as to be at all characteristic of the shells 
which present them. In several members of this family, however, I have 
detected such traces of cellular structure, as indicate that the original mode 
of formation of the shell is not different from that of other Bivalves. These 
traces are chiefly to be met with (as in other instances) beneath the epider- 
mis, where such exists; and they are especially evident in the translucent 
shells of various species of Cyclas. In some of these, too, there is a more 
definite animal residuum than in most other Conchacee, and traces of cells 


may be discerned in it. 
X. Nymphacee. 


76. The shells of this family closely resemble those of the preceding in the 
solidity of their texture; but they usually display clearer indications of or- 
ganic structure. Both in the external and internal layers we frequently meet 
with appearances which can scarcely be due to any other cause than a pris- 
matic cellular structure, although the prisms are far less regular in form than 
in the Margaritacea, and are not so definitely divided by animal membrane. 
The direction of the prisms too is different from that which they have in the 
group just named, for instead of having their axes perpendicular to the sur- 
face, so that their extremities present themselves when that surface is exa- 
mined, they lie nearly parallel to the surface, or rather in a slightly oblique 
manner, so as to crop out upon it. Their ends are usually rather pointed than 
truncated, so that they might be termed fusiform cells. The direction of these 
elongated cells in the two layers, however, is not the same; for whilst in the 
external layer their axes usually lie in lines radiating from the hinge to the 
margin of each valve, they have a direction transverse to this in the internal 
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layer, their ends pointing towards the two extremities of the valve. This 
fusiform structure is very commonly larger or coarser in the external layer 
than in the internal, as will be seen in figs. 16 and 17, which represent sec- 
tions of the two layers in Zellina, both taken parallel to the surface and in 
the same direction. The tubular structure occasionally presents itself in the 
shells of this family, but chiefly in the neighbourhood of any prolongations 
of their surface in ridges, points or foliations. 


XI. Mactracea. 


77. Passing by the small family of Lithophaga, which presents nothing 
remarkable as regards the intimate structure of the shell, we come to the 
extensive group of genera allied to Mactra. In most of these, the texture of 
the shell presents the same general characters as in the preceding family, 
but the indications of organic structure are more distinct. Thus, on the ex- 
ternal surface of Mactra stultorum (fig. 18) is a layer whose cellular cha- 
racter cannot be questioned, although the cells are irregular in form and 
somewhat indefinite as to their boundaries; and in the inner layer of the 
same shell the boundaries of the elongated cells are extremely distinct. In 
fig. 19 is shown a section of the internal layer of Lutraria elliptica, which 
has passed somewhat obliquely to the elongated fusiform cells, and shows 
their extremities cropping out, one set above another. In Erycina cardioides 
the external layer contains a large amount of minute tubuli, corresponding 
with the sculptured character of its surface ; and the fusiform cellular struc- 
ture is also very evident in some parts of this layer. In Amphidesma, also, 
clear indications of cellular structure may be discerned upon the surface. 


XII. Myacee. 


78. Under this title I bring together (merely for the sake of convenience) 
the two Lamarckian families, Myaires and Corbulées; since between Mya 
and Corbula there is no clear line of demarcation. As will presently appear, 
however, the structure of the shell in Pandora is so different from that of 
Mya and its congeners, as fully to sanction the separation of that genus from 
the family, and to warrant its being regarded as the type of a distinct group. 
In all the shells of this family which I have examined,—including examples of 
twelve species from the genera Mya, Corbula, Anatina, Thracia, Myodora and 
Schizzodesma,—very distinct indications of cellular structure are to be traced, 
These are of a particularly interesting nature in Mya arenaria, the careful 
examination of whose shell has thrown much light on several doubtful points 
of my inquiry. We have here a distinctly cellular structure in some parts 
(fig. 20), giving way by such imperceptible gradations to an almost perfectly 
homogeneous arrangement in others (fig. 21), that no separation can be 
made between them; eo that we must regard the latter as having had the 
same origin with the former, although its primary character has been lost, 
Near the external surface of the shell is a layer of cells having distinct boun- 
daries and large dark nuclear spots (fig. 29) ; and yet in other parts of that 
same layer the boundaries of the cells are completely obliterated, and only 
the dark nuclear spots remain to show their original divisions (fig. 23). In 
some instances the continuous cells seem to coalesce in sinuous rows, so that 
wavy lines are left (somewhat resembling the boundaries of the furrows of 
Meandrina) dividing one series from another (fig. 24). Near the external 
surface some very large cells are disposed without any regularity, amongst 
those of which the layer is chiefly made up (fig. 25); and the external sur- 
face itself is composed of small cells of rounded form, in by no means close 
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approximation with each other. In the tooth also we find a considerable 
variety of structure, in addition to those forms presented by the shell. Thus, 
in fig. 26 is seen a group of large cells, the calcareous contents of which are 
disposed in a very regular radiating plan, which looks as if some force had 
been in operation within them, analogous to that which produces the similar 
arrangement in radiating Arragonite or Wavellite. The borders of this 
group pass into another cluster of cells (fig. 27), that presents no trace of 
this curious structure (of which, however, there are some indications in the 
shell); whilst the latter gradually passes, by the obliteration of its cell- 
boundaries, into a layer of very homogeneous aspect. Besides these, there 
are several curious forms of elongated cells, some of them with square ter- 
minations, as in fig. 28, and some pointed or fusiform, as in fig. 29. In these 
last may be seen transverse striz, closely resembling those of the long pris- 
matic cells of Pinna, and probably due to the same cause,—namely, the 
coalescence of piles of flattened cells, whose original thickness is indicated by 
the spaces between the strice which indicate their lines of junction. Upon 
this last circumstance I am disposed to lay much stress, as indicating the 
really compound nature of the long irregular fusiform cells, of which we 
have already seen some examples, but which are peculiarly characteristic of 
the univalve group. Neither in the shell nor the tooth of Mya arenaria is 
there animal matter enough to give anything more than a delicate membra- 
nous residuum, in which no vestige of cell-walls can be traced. 

79. In Corbula we find the outer layer composed of large fusiform cells, 
whilst the inner is nearly homogeneous. At the lines of junction of the suc- 
cessive additions to the margin is a yellow layer, probably owing its colour to 
an intermixture of horny matter, such as might, if poured out upon the sur- 
face, have formed a periostracum. In this layer there is a very definite and 
beautiful cellular arrangement, the cells being in some parts polygonal and 
having their edges in contact, whilst in others they are rounded and isolated 

fig. 30). 

( 50. the genus Anatina (as is well known) has not been so strictly defined 
as to make its boundaries certain. I have examined three species however, 
in all of which the characters were the same or nearly so. ‘The inner layer 
is more or less nacreous in character, and is sometimes perforated by very 
minute tubes. The outer layer is almost everywhere distinctly cellular, but 
the cells are not sharply defined at their edges (fig. 34), and sometimes do 
not even come into contact; the spaces between them are then filled up 
with opake matter, which presents a perfectly black appearance under the 
microscope. The contents of the cells have somewhat of the radiated ar- 
rangement seen in fig. 26. ‘The surface of the shell in some species, as A. 
truncata, is roughened by innumerable minute projections; these on exa- 
mination are found to be formed by a set of large scattered cells, super- 
posed upon the proper external layer, closely resembling those which will be 
described and figured in the next genus. 

81. In Thracia these characters are still more definitely exhibited. The 
external surface of the shell, in three species which I have examined, is 
roughened by a multitude of minute elevations. ‘These are due to the pre- 
sence of numerous large isolated cells filled with calcareous matter, which 
form a superficial coating superposed upon the ordinary external layer (fig. 
$1), the periostracum being continued over them and sinking down into their 
interspaces, just as the human epidermis covers the papillary surface of the 
true skin. The proper external layer is composed of polygonal cells, with 
sharply-defined boundaries, having large nuclear spots Se- $2) strongly re- 
sembling some of those which present themselves in Mya arenaria. Not. 
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withstanding that the sharpness of the divisions would seem to indicate the 
presence of membranous partitions between the cells, no trace of such can 
be discerned after decalcification, the total amount of animal matter being 
extremely small. This is a fact of considerable importance, as showing un- 
equivocally that the absence of every indication of cellular structure in the 
animal basis must by no means be taken as a proof that the shell has not 
been originally formed by the calcification of a cellular tissue; since nothing 
can be more unequivocal than the existence of cellular structure in the solid 
shell of Thracia, although, when the lime has been dissolved away, the walls 
of the cells cannot be made out. In this respect such shells may be com- 
pared with the fossilized shells of Pinna, Avicula and other Margaritacee, 
in which the cellular structure is as perfectly shown as in the recent species, 
although no trace of the animal basis remains. The internal layer of Zhracia 
presents no well-defined structure. 

82. The shell of Myodora striata closely corresponds in structure with 
that of the Anatina, having a nacreous interior, and a well-defined cellular 
layer on the exterior. The cells of this layer are large and somewhat pris- 
matic in form, the prisms being arranged somewhat obliquely to the surface, 
and cropping out upon it (fig. 33). In Schizzodesma nitida the structure 
of the shell more resembles that of Mya; the internal layer being nearly ho- 
mogeneous ; whilst the exterior has an indistinct cellular structure, the cells 
being small, rounded, and closely packed together. 

88. The shell of Pandora is remarkably distinguished from all the pre- 
ceding, by its complete conformity with that of the Marguritacec in all their 
essential characters ; namely, in the regular prismatic arrangement of the cel- 
lular structure of the exterior, the axes of the prisms being perpendicular to 
the surface (fig. 36); in the existence of distinct membranous partitions be- 
tween these, forming a tenacious membrane that is left after decalcification ; 
and in the truly nacreous structure of the interior. The views of those who 
would regard it as the type of a distinct group receive confirmation therefore 
from the peculiar structure of its shell, which has no counterpart amongst 
any of the Lamellibranchiata that have the lobes of the mantle in great degree 
united. Its close relationship to the preceding genera, however, is indicated 
by the circumstance, that in no other member of the neighbouring families, 
save in the genus Solemya, do we meet with anything like the same definite 
cellular organization——The genus Lyonsia, in regard to the intimate struc- 
ture of its shell, may be regarded as intermediate between Pandora and the 
ordinary Myacee, especially Anatina; for, with a nacreous interior, it has an 
external layer of polygonal cells with very definite boundaries, and a few 
large isolated cells are scattered over its surface. I have not been able to 
make out apy distinct cellular.structure in the delicate membranous residuum 
that is left after the decalcification of the shell of Zyonsia. 


XIII. Solenacee. 


84. In accordance with the close affinity which exists between the animals 
of this and the preceding family, we find the structure of their shells bearing 
a strong resemblance. In Solen and Solecurtus the external layer has a very 
definite cellular structure; the cells are elongated prisms, their walls as 
straight and parallel as those of Pinna (fig. 43)*; but their axes lie nearly 
parallel to the surface, cropping out somewhat obliquely upon the exterior, 
where their rounded terminations with distinct nuclear spots may sometimes 
be met with (fig. 41). The internal layer is very dense and nearly homo- 


* See the Explanation of the Plates foc a fuller description of this figure. 
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geneous; but distinct traces of cells are sometimes to be met with even in 
this (fig. 42). In no part of the shells of these two genera, however, does 
the decalcified membrine distinctly exhibit a cellular structure—The case 
is very different, however, with Solemya australis, which has a remarkably 
firm cellulo-membranous residuum (fig. 40). The external layer of this shell 
is composed of long prismatic cells, whose axes lie nearly parallel to its sur- 
face (fig. 39), whilst its internal layer also exhibits in many parts a cellular 
arrangement that strongly calls to mind the prismatic cellular structure of 
Pinna and its allies, not merely in the form and collocation of the cells, and 
the definiteness of their membranous boundaries, but also in the existence 
of many of the peculiar dark cells referred to in my former report (§ 14). 
This cellular arrangement, however, is not equally distinct in every part of 
the shell. In figs. 37 and 38 is shown a very interesting gradation, from the 
definite boundaries which present themselves in some portions of the internal 
as well as in the external layer, to the fainter and more interrupted markings 
which still serve to indicate the original cellular composition of parts that 
have lost nearly all their membranous structure.—The structure of the shell 
in Glycimeris closely corresponds with that which has been described in 


XIV. Tubicole. 


' 85. The remaining genera of the Lamellibranchiate Bivalves do not pre- 
sent any special peculiarity in the structure of their shells, which for the 
most part exhibit few traces of organic arrangement. We shall stop, how- 
ever, to describe the shelly tube of Septaria gigantea, a microscopic exami- 
nation of which brings into view several points of much interest. This tube, 
formed (like that of the Zeredo) from the surface of the respiratory siphons, 
is often several feet in length, and from half an inch to an inch in thickness. 
When broken across, the fractured surface has a yery crystalline aspect, such 
as might easily be supposed to be given by prisms radiating from ite centre 
to ite circumference ; corresponding in this respect precisely with the aspect 
presented by the calcareous external cone of the Belemnite. This appear- 
ance is however deceptive ; for microscopic examination shows that the sup- 
posed prisms have by no means the straight angular borders which they 
would possess if they were the products of crystalline action, but have irre- 
gular sinuous edges, resulting from the manner in which they were at first 
produced by the action of the calcigerous cells. The shelly tube is every- 
where composed of at least two layers. The outer one is thin, and contains 
a good deal of uncrystallized calcareous matter, giving it an opake-white 
chalky appearance; it is easily detached from the inner layer, and is ex- 
tremely fragile; ite appearance, when traversed by a section as nearly pa- 
rallel to its surface as its cylindrical form will permit, is shown in fig. 44, 
The divisions there shown are so well defined, that notwithstanding their 
large size (which renders them almost visible to the naked eye), I am dis- 
posed to regard them as the boundaries of cells, formed perhaps by the coa- 
escence of smaller ones. Another view of this outer layer, as seen in a sec- 
tion transverse to the axis of the tube, is seen in fig. 46 a; its cells are here cut 
longitudinally, and are seen to have somewhat of a prismatic form, lying 
parallel to each other, side by side. 

86. It is to the inner layer that the thickness of the shelly tube is chiefly 
due. From the appearances presented by transverse sections, I am inclined 
to believe that the same method of addition is followed in the extension of 
the tube as in the enlargement of the valves. It is to be remembered, that, 


as the animal penetrates deeper and deeper into the sand, the respiratory 
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tube becomes more and more elongated, and the new portion, like the bor- 
der of the mantle in an ordinary bivalve, will form doth layers, But the por- 
tion already surrounded by a shelly tube seems only to throw out a very thin 
layer, which lines the interior of that previously formed; and thus we find, 
when we examine a transverse section of the older part of the tube (fig. 46), 
a very thick layer, 6 (the one first formed), and a succession of very thin 
lamine, ¢, at its inner margin. Such a transverse section shows us a 
series of dark, somewhat wavy lines, at considerable distances from each 
other, passing in a radiating manner from the inner to the outer margin. 
Between these are more numerous fainter lines, having a direction generall 
parallel to the preceding. The principal lines are evidently those along which 
the fracture takes place when the tube is broken across; and I consider them 
to be the borders of large cells of an irregular prismatic form, made up by 
the coalescence of smaller cells both in a longitudinal and lateral direction. 
The longitudinal coalescence is very apparent from the multitude of concen- 
tric lines which cross the preceding at right angles, and which seem to be 
the exact representatives of the transverse striw on the prisms of Pinna 
(§ 62), regard being had to the circumstance that the shell is here cylindrical, 
whilst in the latter case it is nearly flat. Each long irregular prismatic cell 
then, whose lateral boundaries are marked out by the fainter lines, appears to 
be formed (as in Pinna) by the coalescence of a row of smaller cells directed 
from the centre to the circumference of the tube, But there is besides a 
lateral coalescence of the smaller prisms into larger, which is particularly 
evident when a section is made in the direction of a chord to the circle, so 
as to cut the prisms transversely (fig. 45). The relative character of the 
fainter and stronger lines is then apparent, the former being the boundaries 
of the smaller prisms, a number of which coalesce in a sort of bundle to form 
the larger, whose outlines are marked out by the latter. At the inner part 
of the principal layer in fig. 46, the smaller prisms are seen (when examined 
with a higher power) to remain isolated, and no coalescence appears to have 
taken place in the thin lamin subsequently formed. . 

87. The quantity of animal membrane which is left after decalcification 
of this shelly tube is extremely small, and no traces of cells can be detected 
in it. Were I nat able to interpret the appearances presented by sections of 
the shell by the aid of the results previously detailed, I should have hesitated 
in attributing a cellular origin to the structure I have described ; but those 
who will take the trouble to follow me, step by step, through my previous 
inquiries, will entertain (I think) little doubt of the correctness of the view 
Ihave now presented. The result is very interesting from the light which it 
throws upon the structure of the calcareous sheath of the Belemnite; the 
appearances presented by the fracture and by sections of which so closely 
resemble those just described, that I can have little doubt that the mode of 
its formation was the same,—with this difference, that the solid cone was en- 
larged by additions to its exterior, whilst the hollow cylinder of Sepiaria was 
thickened by internal deposit. The purpose why the laminw formed subse- 
quently to the first production of the tube, should be of such extreme thin- 
Bess, is obviously because the tube would soon be blocked up, if its whole 
surface were to form a layer at all comparable in thickness to that produced 
by its prolonged portion, which is forming shell for the first time. 


XV. Gasteropoda. 


88. There is not by any means the same amount of diversity in the struc- 
ture of the shell in the different subdivisions of this group, as that which we 
have met with among the Conchiferous Acephala. There is a certain typical 
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plan of construction that seems common to by far the greater number of 
them; and any considerable departures from this are uncommon. The 
small proportion of animal matter contained in most of these shells is a very 
marked feature in their character, and it serves to render other features in- 
distinct ; since the residuum left after the removal of the calcareous matter is 
usually so imperfect, as to give no clue whatever to the explanation of the 
appearances shown by sections, &c. In fact, as Mr. Hatchett observed long 
since, the porcellanous shells do not yield any distinct animal residuum 
whatever after the action of acids; and the presence of animal matter in 
them is made more evident by the blackening of the substance of the shells 
when heated, than by any other method of treatment. Nevertheless the 
structure of these shells is by no means homogeneous, but always exhibits 
indications, more or less clear, of an original organic arrangement. This 
arrangement, however, has been regarded by Mr. Gray (Phil. Trans. 1883) 
as the result of crystalline action; and it was not surprising that it should be 
thus regarded, when the real nature of shell was so completely misunderstood, 
and it was considered as a mere exudation of calcareous matter, the particles 
of which were held together by a sort of animal glue. I have already shown 
that no such explanation is applicable to the shells of Pinna and its allies, 
in which the elementary crystalline forms were supposed by Mr. Gray to be 
of the prismatic order; since these shells, instead of containing the least pro- 
portion of animal matter (as stated by Mr. Gray of the shells that present 
the appearance of a crystalline fracture), have the most distinct animal basis ; 
and it is perfectly obvious that the appearance of prismatic crystallization is 
entirely due to the moulding—so to speak—of the calcareous matter within 
the long prismatic cells of their shell-membrane. And there appears to me 
ample reason for extending a similar explanation to the shells in which the 
rhomboidal crystallization seems to present itself; for although no distinct 
cellular membrane can be obtained by their decalcification, we have found 
this to be the case in other shells, whose origin is unquestionably cellular ; 
and I think it will be obvious, from the details into which I shall presently 
enter, that the structural characters of these shells are decidedly organic, 
and not dependent upon crystalline action. But I may again remark, that 
although I do not regard the forms of thé elementary parts of shell as re- 
sulting from crystalline action, the molecular arrangement or aggregation of 
the calcareous particles almost always possesses that regularity which we find 
in crystalline bodies (§§ 1-3). . 

89. I shall first quote the account given by Mr. Gray of the general struc- 
ture of the shells of this group, since the statement of appearances which it 
contains is quite correct as far as it goes, although I do not accord with Mr. 
G.’s explanation of them :—‘“ On examining fragments of most of the spiral 
Univalves, there will be observed on two of the fractured sides of the cubic 
pieces, into which they generally break, flat surfaces on the inner and outer 
edges, separated from each other by a shelving portion in the centre; and 
on the two intermediate broken sides, shelving and internal edges, connected 
by a flat central portion ; these differences of surface being produced by the 
different position of the crystals of the different layers. Each of the three 
layers thus rendered obvious is composed of very thin laminz, placed side 
by side, as high as the thickness of the plate, and perpendicular to its sur- 
face. When these lamine are minutely examined, they will be found marked 
with obscure oblique lines, in the direction of which they separate, when 
broken, into long narrow rhombic crystals. The lines of cleavage in the suc- 
ceeding lamin are placed in contrary directions, so that when two of these 
plates united are placed under the microscope, the lines of cleavage appear 
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to cross each other at right angles, whilst those of the alternate lamine fol- 
low the same direction. The laminee of the outer and inner plates are 
always directed from the apex of the cone of which the shell is formed 
towards its mouth ; in the spiral shells they consequently follow the direction 
of the spire. On the contrary, the lamin of the plate situated between the 
other two, form concentric rings around the cone, parallel with its base, and 
cross at right angles those of the inner and outer layer. A good illustration 
of this structure may be obtained by examining with a pocket-glass the 
fractured edge of a Cone, Olive, or other spiral shell, in which the extremities 
of the laminse of the outer and inner plates, and the sides of those of the 
central layer, or the converse, will be observed, according to the direction of 
the fracture, the extremities of the lamiue showing the angles of the cry- 
stals, while their sides, when closely examined, will often exhibit the crystal- 
line fakes.” (Phil. Trans. 1833, p. 790.) 

90. The account of this structure given by Mr. Bowerbank in his paper 
oa the Structure of Shells, to which I have already referred (Microscopical 
Transactions, vol. i.), corresponds with my own observations in almost every 
particular; and as I have been obliged on other points of this inquiry to ex- 
press my dissent from his views, I have the more pleasure in employing his 
language for the description of the appearances now under consideration :— 
“On proceeding to investigate the structure of adult shells, I selected for 
examination thirteen specimens belonging to the eight following genera :— 
Cyprea, Conus, Pyrula, Cassis, Ampullaria, Oliva, Voluta, and Bulimus. 
The whole of these agree in the nature of their structure in the most perfect 
manner, with the exception of a mode of arrangement which I shall presently 
describe. Thin sections of univalve shells, made by the lapidary and exa- 
mined by transmitted light, afforded so little information, that I had imme- 
diate recourse to the aid of the Lieberkiihn; and upon examining in this 
manner surfaces fractured at right angles to the outer and inner planes of 
the shell, and either parallel or at right angles to the lines of growth, I ob- 
tained a very distinct and satisfactory view of the organic structures and 
their modes of arrangement. I will not particularize the results of the exa- 
mination of the whole thirteen species operated on, but at once select for 
description Cyprea mauritiana, which, from the great quantity of colouring 
matter intermixed with its structures, is the best adapted for examination b 
the mode I adopted. Upon submitting to examination a surface of this she 
fractured at right angles to the lines of growth, it was found to consist of 
three distinct strata, uniform in the nature of their structure, but alternating 
in the mode of their disposition. Each stratum is formed of innumerable 
plates, composed of elongated, prismatic, cellular structure; each plate con- 
sisting of a single series of cells parallel to each other. These plates of cel- 
lular structure are disposed alternately in contrary directions, so that each 
series of cells intersects the one beneath it nearly at right angles, and the 
whole of them are so disposed, that the axes of the cells form angles of about 
22° with the upper and under surfaces of the shell, and present the appear- 
ance represented in fig. 47, as seen with a power of 280 linear, the portion 
represented being the central layer of the shell. The planes of these plates 
of prismatic cellular structure are always as nearly as possible either parallel 
or at right angles to the lines of growth, and the mode of arrangement is in- 
variable in each separate stratum, and always opposed to that of the stratum 
either above or below it; so that if the plates of cells in the central stratum 
be parallel to the lines of growth in the shell, those of the outer and inner 
strata are at right angles to them. When we view the stratum of plates of 
Prismatic cells, which are disposed at right angles to those I have just de- 
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scribed, or view them in an edgewise and endwise direction, they present aa 
appearance remarkably different from that which we have previously de- 
scribed. In this case the whole of the stratum appears to be composed of a 
series of basaltiform columns, each column having the appearance of being 
formed of a series of single cells regularly piled upon each other. This arises 
from the line of fracture passing in a direction about equally oblique to the 
planes of the whole of the plates of prismatic cells. From this description of 
the alternating mode of arrangement of the plates of cells, it will be ob- 
vious, that if, on examining a shell we find a section parallel to the lines of 
growth, with the plates of the central stratum agreeing in their direction with 
those lines, while those of the outer and inner ones are at right angles to 
them, we shall find the apparent direction of the plates exactly the reverse in 
each stratum if we view a second section of the same shell at right angles to 
the lines of growth. These modes of arrangement of the tissues are inva- 
riable in the same species and genus, as far as I have had the opportunity of 
judging ; and it is somewhat remarkable, that of the eight genera examined, 
four assumed one mode of arrangement and four the other. Thus, upon 
viewing sections parallel to the lines of growth of the shells, I found that in 
Cyprea, Cassis, Ampullaria and Bulimus, the plates of the outer and inner 
stratum were parallel to the lines of growth, while those of the central one 
were at right angles to them. On the contrary, in Conus, Pyrula, Oliva, 
and Voluta, the plates of the outer and inner stratum were at right angles to 
the lines of growth, and those of the central stratum parallel to them. And 
it is worthy of remark, that the porcellanous shells do not agree in the mode 
of arrangement of their tissues, as we find Cyprea opposed to Conus, Oltva 
and Voluéa, and agreeing with Cassis, Ampullaria and Bulimus.” 

9]. The two foregoing accounts really agree much more nearly than might 
at first be supposed. The existence of three layers in univalve shells, and 
the laminar constitution of all these layers, is remarked by both observers; 
and they further accord with respect to the opposition in the direction of the 
constituent lamin in the contiguous layers of shell. The ultimate compo- 
sition of the individual laminze, however, is an important point of difference ; 
for whilst Mr. Gray describes them as “marked with obscure oblique lines, 
in the direction of which they separate when broken into long, narrow rhom- 
bic crystals,” Mr. Bowerbank asserts that each lamina is composed of a single 
series of elongated, prismatic cells, adherent by their long sides. My own 
observations lead me to agree very decidedly with the latter statement. I 
think that after the evidence of organic arrangement which has been given 
in the preceding descriptions of shell-structure, it can scarcely be supposed 
that a disposition so extremely definite and constant as that which is shown 
in fig. 47 should have any other origin. The splinters into which the laminegs 
break up, when examined with a high magnifying power, are found to have 
much more the appearance of the prisms of Pinna (see fig. 9 of former Re- 
port) than of simple crystals; and as we know that these prisms derive their 
shape from that of the cells in which they are moulded, it is probable that 
the former do so likewise. The best evidence of their real character is de- 
rived from secttons, in which the irregularity of their contour is shown. 
Although I quite accord with Mr. Bowerbank in the statement, that from 
sections alone the structure of these shells would probably be never satisfac- 
torily made out, yet I consider that when we have learned to interpret the 
appearances they present by the knowledge first gained from the inspection 
of fractured surfaces, we may derive much valuable information through 
their means. In fig. 48 is shown a section of the shell of Cypraa, taken 
perpendicularly to its surface, and in a direction traneveree-to the lines of 
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growth. We here see the three layers, a, b, c, distinctly marked; and there 
is an additional layer, d, which is the duplicature of the external layer that 
is formed when the animal has attained its full growth. This section traverses 
the middle layer in the same direction with the fractured surface shown in 
fig. 47, and we recognize the same disposition of the lamine of which it is 
composed, the boundaries of these being indicated by the oblique lines which 
are seen crossing each other in this part of the section. But as the laminse 
of the other two layers are arranged at right angles to those of the middle 
layer, a section which traverses the surfaces of the latter will cut the edges of 
the former; and we accordingly see the outer and tnner layers presenting an 
aspect which very strongly resetnbles that of the prismatic cellular structure 
of Pinna, when seen in vertical section. A section of the same shell, still 
perpendicular to its surfaces, but parallel (instead of at right angles) to the 
lines of growth, would show this prismatic appearance in the middle layer; 
whilst the internal and external layers would present the oblique crossed 
lines previously seen in the middle layer. This is exactly what is shown in 
fig. 49, which is a section of the shell of Conus, taken in the same direction 
with the preceding, ¢. e. transversely to the lines of growth ; the directions of 
the lamine in Conus and Cyprea being, as just now stated, at right angles 
to each other. 

92. The idea that the lamine are made up of elongated cells arranged side 
by side, and that the parallel lines of division are indications of the original 
eell-walls, and not of the mere boundaries of crystals, derives further support 
from the circumstance that these lines are frequentiy very considerably 
curved, and sometimes very irregular. The curvature is best seen in sections 
of the thickened lip of the full-grown shell, where a single layer is often half 
an inch or more in thickness, and is made up of successive growths, marked 
by distinct bands of colouring matter, but still in perfect continuity with 
each other, just as in the thick shells of the large Pinmne. The irregularity 
of the boundaries of the lamine is best seen in sections which are taken in a 
direction nearly parallel to the surface of the shell. This will still cut the 
lamine edgewise, but in a different manner from a vertical section*. In 
fig. 50 is shown a section of Conus, which (owing to the curvature of the 
shell) traverses both the internal and middle layers in a direction nearly pa- 
rallel to their surface. The edges of the lamine of both are here seen; and 
the direction of the one set of planes (a) at right angles to the other (6) is 
clearly shown. The principal fact, however, which this section displays, is 
the want of regularity of the boundaries of the laming, such as cannot be 


* As the conception of this structure is not at once readily acquired by every one, but is 
perfectly simple when attained, it may be well to facilitate its comprehension by a simple 
illustration. Let each layer of shell be represented by a row of books arranged upon a table 
With their backs uppermost. It is obvious that a section which traverses them parallel to 
the back and front edges of the books (which form the surfaces of the layer) would present 
a teries of parallel lines formed by the sides of the books; and that a section which passes 
in a plane at right angles to this, but parallel with the top and bottom edges of the books, 
would also present a series of parallel lines formed by its intersection with the covers of the 
sides. But, on the other hand, a section which passes in the plane of the leaves would show 
no such divisions, but would exhibit whatever surface the individual leaves might happen to 
present. Now let it be further supposed that a second row of booka were superposed upott 
the first, with the fronts and backs of the books looking upwards and downwards as before, 
but crossing those of the preceding; then it is obvious that a section which passes through 
these in the plane of their leaves will cross the lower series in a direction parallel to their 
top and bottom edges, and will thus show the surface of the leaves of the upper set, but the 
cat edges of the leaves and covers of the one beneath; and if a second scction be made at 
Tight angles to the preceding, a reversal will be produced in the appearances whieh it die 
Clwees in the two layers respectively. 
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attributed to crystalline action, but is perfectly accordant with the supposition 
of organic structure. A similar want of regularity is shown in the section 
of the inner layer of Patella, represented in fig. 51. This has traversed the 
lamine not quite across their edges, but somewhat obliquely, so that a dif- 
ference of disposition is evident in the alternate lamine, which (it will be 
remembered ) are directed obliquely across one another. This difference is 
brought strongly into view when a thin section is examined by polarized 
light ; for in certain positions of the prisms every alternate band is darkened, 
whilst the intervening bands remain bright; and when one of the prisms is 
turned half round, the bands which were at first bright become dark, and 
vice versd. The effect is very beautiful when a plate of selenite is placed 
behind the section ; for the complementary colours are then exhibited by the 
alternating bands, and the revolution of the prism causes an exchange in 
these. 

98. Such is the general structure of the shells of the Gasteropod Mollusca, 
especially those of the order Pectintbranchiata. The most interesting ex- 
amples of departure from the arrangement now described will be presently 
brought under notice. I shall first, however, allude to certain indications of 
the changes which the shell undergoes during the progress of its growth, 
which are of considerable interest. It was remarked by Mr. Gray in the 
paper already referred to, that, so long as the shell is in a growing state, 
the outer layer projects beyond the middle one, and the middle layer 
beyond the interior one; but that when the animal has attained its adult 
state, the middle and inner layers are brought up to the margin, to form a 
thickened lip. In young shells the outer layer often projects far beyond the 
others. ‘Upon examining,” says Mr. Bowerbank (loc. cit.), “a young spe- 
cimen of Ampullaria fasciata, I found that at the extreme margio, and to 
about one-eighth of an inch backward, there was but one stratum of cells, 
the plates of which were parallel to the lines of growth. At about one- 
eighth of an inch inwards, a new stratum of cells, with plates at right angles 
to the lines of growth commenced, and rapidly increased in thickness as it 
receded from the lip; until, at about half a revolution of a whorl backward, 
it had attained a thickness equivalent to about one-fifth of the entire sub- 
stance of that part of the shell; and at one revolution backwards it was 
very nearly equal in thickness to the layer above it.” It is obvious that no 
addition can be made to the outer stratum after the subjacent layer has been 
formed, except by a deposition upon its external surface, as in Cyprea; nor 
can any change be made in the thickness of the middle stratum after the for- 
mation of the internal layer. But this last-furmed internal layer may be 
thickened by successive deposits to any extent; and this appears to me to 
be the explanation of the fact that the thickness of the internal layer at some 
distance backwards from the lip bears a considerably greater proportion to 
that of the middle and external layers than it does nearer the margin. “ Upon 
measuring,” says Mr. Bowerbank, “the relative degrees of thickness of these 
strata at different parts of the same shell, I found the following variations. 
The thickest part of the stratum of plates near the mouth of a young Ampul- 
laria, which were parallel to the lines of growth, may be represented by the 
number 25. At half the revolution of a whorl backward the same stratum 
was represented by 20, while the new stratum beneath it measured 13 ; total 
$3. Ata whole revolution backward the upper stratum measured 18, and 
the lower, or new one, 20; the older of the two thus appearing to decrease 
gradually in thickness as the younger grew in substance. Upon examining, 
ina like manner, an adult specimen of Bulimus oblongus, the proportions of 
the strata near the lip were as follows :—outer 10, central 14, inner 17 ; total 
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41. But at one revolution backwards they were—outer 5, central 5, inner 
19; total 29.” This fact harmonizes well with the preceding explanation ; 
for it simply indicates that whilst the thickness of the whole shell undergoes 
a considerable increase near the lip, that increase is due to the greater de- 
velopment of the outer and middle layers, the inner layer being positively 
thinner than it is at a distance from the lip, where it has been thickened by 
successive deposits. I can see no reason to attribute the foregoing differences 
in the relative thickness of the three layers at different parts of the shell, to 
any absorption or removal of the outer layers, as Mr. Bowerbank seems in- 
clined to do: for it seems impossible to imagine that the external and 
middle layers can be thinned by absorption, without the removal of the inner 
layer; since any absorbent action must take place from within, being effected 
by the surface of the mantle. I am far from denying that such absorption 
does take place ; but the explanation is not applicable to the facts just cited, 
which seem to me to indicate clearly that the formation of the inner layer is 
progressive and not completed at one effort. The truth appears to me to be, 
that whenever an addition is made to the shell, the outer and middle layers 
are simply joined-on to the edges of the old margin, but that the internal 
layer is carried backwards for a certain distance into the interior of the shell, 
where the new formation forms a lining to the old, and increases its thick- 
hess, Just as in the Bivalves. I have never been able, however, to trace it 
very far back ; and it certainly can seldom or never line the whole shell, as 
it does in most Bivalves. But this new layer seems to cover that part of the 
internal surface which is in contact with the moving parts of the animal; 
and thus serves to prevent that irregularity which could scarcely fail to 
exist, where the new internal layer, like the middle and external, simply 
Joined-on to the edge of the preceding. 

94. In Mr. Gray’s paper already referred to, a number of facts are 
brought together, which prove beyond all doubt that absorption of shell- 
substance may take place; but this, like the abrasion of stony matter by the 
boring Molluscs, is a surface-action merely ; and the complete absence of 
vascular or tubular communication between the mantle and the remoter 
layers quite forbids the idea that any such process can be effected without 
the removal, in the first instance, of the layer in immediate contact with the 
mantle, This removal takes place to a great extent in some of the spiral 
univalves; especially in such as Conus, in which the older portion of the 
shell is entirely wrapped round by the newer or outer whorls. In such cases 
it is (as remarked by Mr. Bowerbank) on the ower layer of the involved 
whorls that the absorbing action is exerted; this layer being removed, the 
middle one is attacked; and even a portion of the inner one is often thus 
absorbed, that which remains (in cases where but little strength is required) 
being not much thicker than writing-paper, quite translucent, and exhibiting 
under the microscope precisely the same appearance as that presented by a 
very thin section of this layer, taken parallel to its surface. 

95. I shall now pass in review some of the more interesting cases of de- 
parture from this regular type of conformation, and shall commence with 
the i In Patella the inner and outer layers are of the nor- 
mal structure, though rather leas compact than usual; the lamin of the 
inner layer especially being very large und irregular, and by no means firmly 
adherent to one another. The middle layer, however, has a very different 
character, being composed of tolerably regular polygonal cells, which form 
only a thin layer in some parts, whilst in others they are elongated into 
pnsms. This cellular layer is shown at fig. 51 a, as it is brought into view 
yas tection of the wide part of the cone nearly parallel to the surface. The 
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remainder of the figure shows the appearance of the internal layer under po- 
larized light (§ 92); its laminmw, which have their planes directed towards 
the apex and base of the cone, being cut edgewise, or nearly so. If a sec- 
tion be taken across the upper part of the cone so as to traverse the middle 
or cellular layer in the direction of its thickness, its prismatic character (en- 
tirely conformable to that of Pinna) will be made evident. The directions 
of the planes of the lamine of the internal and external layers of Patella are 
at right angles to each other, instead of being conformable to each other and 
at right angles to the middle one, as they are when the latter has a similar 
structure. I have noticed, on fractured surfaces of this shell, an arrange- 
ment which has been noticed and described by Mr. Bowerbank in regard to 
other Univalve shells. ‘ When the prismatic shells are fractured across their 
axes, they do not present such surfaces as might naturally be expected from 
crystallized bodies, but have an uneven, rough, and somewhat spiculated 
appearance. Upon examining these organs from the inner surface of a fossil 
( Voluta nodosa) from the London clay, I found that, when broken at right 
angles to their axes, they resolved themselves into exceedingly minute fibres, 
so that each broken end resembled a worn-out camel's-hair pencil. If these 
pencil-like ends be crushed in a little water, on a slip of glass, and viewed by 
transmitted light with a power of 1000 linear, we find innumerable transpa- 
rent filaments, which appear to have a cylindrical form ; but this point can- 
not be determined with certainty from their extreme minuteness. They vary 
in size; but one of about the average dimensions, which I measured, was the 
1-80,000th of an inch in diameter, and many of them were not above half so 
large. Among these spicular bodies there were many small fragments of plates, 
formed of similar minute fibres, disposed across each other at right angles, 
so as very much to resemble a piece of fine linen.” No trace of these can be 
detected in the thinnest and most carefully made sections of the shell; and I 
cannot agree with Mr. Bowerbank in the belief that they are the result of 
any organic arrangement. They seem to me rather due to the peculiar cry- 
stalline aggregation of the calcareous particles, which causes them to assume 
the prismatic form when disturbed by the shock of the fracture. Such an 
occurrence is not uncommon, I believe, in mineral bodies. Thus Sir D. 
Brewster mentions (Edinb. Journ. of Science, No. I. p. 108) that a crystal of 
quartz having been broken across, the faces of the fracture appeared abso- 
lutely black, like black velvet, owing to their being covered with a fine down 
of siliceous fibres, the diameter of which was so minute that they were inca- 
pable of reflecting light. 

96. In Chiton the same general arrangement prevails as in Patella; bat 
the details are somewhat different. The external layer, which is usually im- 
pregnated with colouring matter, does not exhibit the laminations which are 
seen in Patella, but in their stead presents everywhere a delicate fibrous 
structure, the fibres being arranged parallel to the surface. The superficial 
part of this layer is perforated by large canals which pass down obliquely 
into its substance, without penetrating so far as the middle layer (fig. 52). 
The purpose of these canals, which remind us of the perforations of Zére- 

is by no means apparent. In the deeper part of this coloured ex- 
ternal layer, which is of great toughness, there is a layer of minute cells 
(fig. 52,a), which seems to lig between the fibres ; and below this again is a 
layer entirely composed of large flat pavement-like cells, as in Patella. 
The internal Jayer seems to have the same nearly-homogeneous texture as the 
external. 

97. In Crepidula and Calyptrea, the general arrangement is nearly of the 
normal character; but in the shelly base of the latter is a very curious are 


ON THE MICROSCOPIC STRUCTURE OF SHELLS. 115 


rangement, which is represented in figs. 53 and 54. The former is a section 
of the compact portion of this formation, and shows the assemblage of large 
calcigerous shells of which it is composed,which haveassumed a polygonal form 
from the pressure of their edges against each other. The latter is a section 
of the areolar or cancellated portion, in which we see an appearance as of 
aggregations of flattened or discoidal cells, of circular outline, partially over- 
lying one another, very much after the manner of groups of blood-discs in 
a drop of blood. This last condition is interesting, as showing, under a new 
aspect, what has been already pointed out as being probably the original form 
af the calcigerous cells in general. For these flattened cells, when aggre- 
gated in regular piles, would give rise by their coalescence to long cylinders 
marked by close transverse striw ; and these cylinders would become prisms 
when pressed against each other laterally, just as the discoidal cells, which 
are round in the loose cancellated structure represented in fig. 54, are poly- 
gonal when pressed together into a compact mass, as in fig. 53. 

98. A singular variation of structure presents itself in Haliotis. The 
calcified laminz of this shell alternate with plates of a brown horny sub- 
stance, much resembling tortoise-shell in its appearance; and when the cal- 
careous matter has been dissolved away by dilute acid, these horny plates 
may be easily detached from each other, the basement-membrane of the ad- 

joining calcified lamina remaining adherent to one side of each of them. Of 
the peculiar disposition of this basement-membrane, on which the iridescence 
of the calcified layers depends, I have given an account in my former Report 
(§ 25). In the particles of the horny plates themselves, I have not been able 
to detect any definite arrangement; they are frequently marked, however, 
by impressions from the cells that lie upon them, which might be mistaken 
for indications of structure in themselves, In immediate contact with them 
isa thin layer of large cells of very peculiar aspect, shown in fig. 55. The 
nacreous lamin of Haliotis, when examined with a sufficiently high mag- 
nifying power, present indications of a minute cellular structure, such as I 
have not observed in the nacre of Bivalves. The cells are of along oval form, 
and their short diameter is not above 1-5000th of aninch. Their boundaries 
in many parts are very indistinct, or even disappear altogether ; so that every 
gradation can be traced, from the obviously-cellular arrangement shown in 
fig. 56, to the homogeneous aspect presented by the nacre of bivalve shells. 
Hence I should be disposed to draw the same inference with respect to the 
uacreous structure, as in regard to other forms of apparently-homogeneous 
shell-subetance (§ 67), namely, that, like them, it was originally formed upon 
a cellular plan, bpt that the cells subsequently coalesced, their boundaries 
disappearing. The appearance shown in fig. 56, a is that which the cells 
present when the section passes through them transversely ; at 4 the section 
has traversed them obliquely ; and at ¢ are shown their natural terminations, 
where they crop out upon the aurface of the shell. The same cellular struc- 
ture ig apparent in the decalcified membrane, when it is carefully examined 
under a high magnifying power; in fact, I know no better example of the 
distinct existence of cellular structure in a membrane which at first seemed 
perfectly homogeneous, and properly entitled to the designation of primary- 
or membrane, than is afforded by the decalcified nacre-membrane 
of Haliotis splendens, when submitted to the requisite tests. 

99. In the remarkable calcareous plates, or teeth, which are imbedded in 
the museulo-tendinous substance of the gizzard of Audla, I have found a 
distinct and regular cellular arrangement, as shown in fig. 57. 

100. Among the Pulmobranchiata the shell does not present any conaider- 
able departure from the ordinary type; the three layers being usually pres 
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sent as in the more massive shells. The whole thickness of the shell is 
commonly so small, however, that it is impossible to recognise them in a sec- 
tion perpendicular to its surface ; bat they are at once distinguished from 
each other, in a section that traverses them all somewhat obliquely, by the 
different arrangement of their elongated cells, the long diameters of which 
lie in each layer at right angles to those of the next. 

101. Notwithstanding the remarkable general conformity in the structure 
of the shell throughout the extensive group of Pectinibranchiata, certain 
variations present themselves in particular families or genera. Thus in a small 
species of Natica, I have found the cells of the middle layer more distinct 
and pavement-like than usual (fig. 58). In Turbo, Trochkus and Delphinula, 
the inner layer of the shell is usually nacreous ; and I have been able to di- 
stinguish in the nacre of these shells the same minutely cellular arrangement 
which I have described as presenting itself very distinctly in Hahotis. In 
the black middle layer of Turbo pica the cellular arrangement is very di- 
stinct, and the arrangement of the colouring matter dispersed through the 
calcareous contents of the shell is very beautiful, as shown in fig. 59. In 
the operculum of a large Turbo, also, a very beautiful cellular structure has 
presented itself; a portion of this (in which the section has traversed the 
fusiform cells obliquely) is represented in fig. 60. 


102. It will be obvious from the foregoing details, that the microscopic 
examination of the shells of Gasteropoda has not been as fertile in regard to 
the variety of its results, as a similar examination of Bivalve shells has 
proved; and that we cannot look to it for much assistance, either in helping 
to fix the systematic position of shells whose other characters may leave it 
in doubt, or in determining the genus or family to which a minute fragment 
of shell is to be referred. But the investigation has most unequivocally demon- 
strated, that the shells of Gasteropoda, like those of lata, pos- 
sess a regular organic arrangement ; and that this arrangement is everywhere 
conformable to the beautifully-simple plan of cellular development, to which 
we now seem justified in attributing the origin of alJ these structures, even 
including those that in their perfect state scarcely contain an appreciable 


trace of animal matter. 
XVI. Cephalopoda. 


108. The structure of the shells of the existing testaceous Cephalopods is 
on the whole more analogous to that of Bivalves, than to that of the Univalve 
shells of the preceding group; the three layers of perpendicular lamin, so 
characteristic of the latter, being here quite indistinguishable. The shell of 
Nautilus is the only one in which the presence of évo layers is obvious from 
their difference of texture, the internal layer being nacreous, whilst the ex- 
ternal one is coloured and destitute of iridescence. A thin section of the 
external layer of the shell of Nautilus pompilius, taken parallel to the sur- 
face, shows that it is made up of an aggregation of cells of various sizes ; 
those strata which are nearest the external surface being the largest. The 
general arrangement of these cells, and the occasional disappearance of their 
boundaries, closely resemble what has been described and figured in the shell 
of Mya (§ 78, figs. 21, 23). The internal or nacreous layer is also distinctly 
cellular, the cells being very minute, and bearing a strong resemblance to 
those of the nacreous layer in Hakotis and Turbo. In the thin shell of Ar- 
gonauta the same kind of cellular structure can be easily distinguished, as in 
the outer layer of Nautilus; but I have not been able to recognise in it any 
internal layer at all comparable to the nacreous structure which makes up a 
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considerable portion of the thickness of the shell of the latter. My examina- 
tion has not yet been extended to the fossil shells of this class, with the ex- 
ception of the calcareous sheath of the Belemnite ; the appearances presented 
by which lead me (as already stated, § 85) to regard it as having originally 
had a structure similar to that of Septaria gigantea. 

104. In the calcified layers which alternate with horny membranes to 
form the shallow cone or cup of the internal shell (or Sepiostaire) of Sepia, 
a distinct cellular arrangement is visible, when the section is made sufficiently 
thin. The delicate and fragile transverse plates which are arranged obliquely 
upon one another in the hollow of this cup, also show indications of cellular 
structure, although these are by no means distinct. The thin chambers be- 
tween these transverse plates are traversed by an infinity of minute columnar 
and sinuous partitions, planted at right angles to the plates, and so disposed 
as to cause the plates mutually to support each other. Professor Owen has 
spoken of these as “crystalline fibres passing perpendicularly from one layer 
to the other” (Cyclopedia of Anatomy and Physiology, vol. i. p. 546); but 
if the surface of one of the parallel plates be examined, it is found to be 
traversed by sinuous lines, which frequently return almost completely upon 
themselves; and these lines are evidently the base-lines of the vertical par- 
titions, which are rather plates than fibres, although very apt to break into 
fibres when an attempt is made to obtain a thin section of this curious struo- 
ture. They often present upon their surface a series of definite lines or 
ridges, running parallel to the transverse plates which they serve to connect ; 
these lines strongly remind us of the transverse striee upon the prismatic cells 
of Pinna, and are probably indicative of the same kind of cellular origin. 

105. The shell of Spiruda must be considered (as is now universally ad- 
mitted) to bear a greater resemblance, as regards its relation to the animal, 
to the Sepiostatre, than to the chambered shell of Nautilus, although it so 
closely approximates the latter in its own conformation. This being the case, 
it is interesting to find that the intimate structure of the shell has a much 
greater resemblance to that of the Sepiostaire than would be supposed from 
its general aspect. For although the texture of the shell seems uniform, and 
its minute parts are composed of an aggregation of calcified cells, yet its 
surface is marked by sinuous lines, closely resembling those which are seen 
upon the transverse plates of the Sepiostaire; and these lines or bands pro- 
ject in such a degree, that they might be considered as rudiments of the 
Vertical partitions which connect these plates. 


XVII. Echinodermata. 


106. The structure of the skeleton of this class is entirely different from 
that which we have found to be characteristic of the Mollusca, whilst in its 
essential features it presents a remarkable uniformity throughout the various 
members of the group. The general arrangement of its components is the 
same, for example, in the firm plates which make up the testa of the Echinida, 
in the joints of the stems and branches of the Crinoidea, and in the 
scattered calcareous deposits which are met with in the integument 
and in the tentacula of the Holothurida. A very elaborate and com- 
plete description of the skeleton of the Echinus is given by Professor Valen- 
tin of Berne, in his admirable monograph on that genus, which forms one of 
the “ Monographies d’Echinodermes” of Professor Agassiz; and with his 
investigations, so far as they relate to the structure of the desta, my own are 
in complete accordance. I believe, however, that I am enabled to give a 
much more accurate account of the structure of the spines than he could 
afford, as my method of preparing sections of them enables me to reduce 
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these to a much greater degree of thinness than Prof. Valentin seems (from 
the descriptions and delineations which he gives) to have succeeded in ob- 
taining*. My own investigations, too, have been carried into all the leading 
groups of the class; and I had myself determined, and demonstrated to 
others, the structure of their skeleton, before the Monograph of Prof. Va- 
lentin, published in 1842, had reached this country. 

107. The elementary structure of the skeleton of the Echinodermata may 
be described as a network, composed of calcareous and animal matter inti- 
mately united; the former, however, being greatly predominant. In this 
network, the interspaces or areole, and the solid structure which sutrounds 
them, may bear an extremely variable proportion to each other; so that in 
two masses of equal size the one or the other may greatly predominate, and 
the texture may have either a remarkable lightness and porosity, or a con- 
siderable degree of compactness and brittleness. We may perhaps take the 
plates making up the testa of the Echinus as presenting to us the most typi- 


* As the knowledge of this method may be useful to others, I think it desirable here to 
detail it. The process adopted in this country for making thin sections of bone, fossil wood, 
&c., is employed, with a slight variation required by the peculiar nature of the substance 
operated on, and is practised as follows. A thin slice of the shell or spine is cut off with a 
fine saw, flattened on one side with a file, and then polished with water upon a “ Water-of- 
Ayr” stone. Its surface should then be well dried ; and when any portion of the skeleton of 
the Echinodermata is being operated on, care must be taken that the drying is so complete as 
to dissipate the water which has been absorbed during the polishing into the spaces of its 
very porous substance. The best plan is to keep the sections warm near a fire or over a lamp 
for eome little time. A little Canada balsam, previously hardened by boiling, so as to attain 
an almost resinous consistence, is then to be melted upon a slip of glass, and made to form a 
thick drop, covering a space somewhat larger than the area of the section; it may then be 
allowed to cool, during which process the bubbles that may have formed in it will burst. 
When cold its consistence may be tried; this being a point of great importance in the prepa- 
ration of thin sections of spines of Echini, &c. It should be so hard as to be with difficulty 
indented by the nail, and yet not so brittle as readily tochip. If it be too soft, it should be 
boiled a little more; if too hard, it must be softened by being melted and then mixed with more 
fluid balsam. When it ia of the right consistence, the section should be laid upon its surface, the 
polished side being downwards; the slip of glass is then to be gradually warmed until the bal- 
sam is softened, care being taken however to avoid heating it so far as to occasion the formation 
of bubbles; and the section is to be gently pressed down upon the liquefied balsam. When a 
piece of ordinary shell or bone is being thus treated, all that is requisite is, that a thin layer 
of balsam shall be uniformly spread between the polished side of the section and the giass, 
serving to attach the two together; and the section may be firmly pressed down upon the 
glass, so as to force out the superfluous balsam from between them. When any portion of the 
skeleton of the Echinodermata, however, is the subject of the operation, it is requisite that its 
substance shall be saturated with the liquefied balsam, which will be drawn up into its in- 
terstices by capillary attraction, if it be supplied in sufficient quantity. The section being 
gently pressed down upon the glass, the whole is left to cool. The purpose of the saturation 
by the hardened balsam is to impart to the delicate and fragile structure the degree of firm. 
ness which is possessed by ordinary shell or bone, and thus to allow it to be reduced to the 
same tenuity. Ifthe balsam have not been sufficiently hardened, it will lay hold of the de- 
bris resulting from the subsequent operations, and the interstices will thus be filled up with 
opake matter. If, on the other hand, it have been too far resinized, it wil] be too brittle; and 
the section, when reduced to a thin state, will be disposed to separate from the glass, either 
in part or asa whole. Supposing, however, that the balsam have been hardéhed to the pro- 
per consistence, the section may then be fubbed down, at fitat with « file, and afterwards 
upon the stone, until it has been reduced to the requisite thinness, which must be tested by 
placing it occasionally under the microscope. The structure of the spines of Echinus, &o. 
can only be displayed in its highest perfection when the thinness of the section is such that a 
very little more rubbing would destroy it altogether; and this can only be attained by careful 
management after much practice. When the section js sufficiently reduced, the slip of glass 
is to be gently warmed, and some ordinary semi-fluid balsam is to be dropped apon the pre- 
paration. Care must be taken not to heat the glase to such a degree as to preduce bubbles 
of vapour, which, when once entangled in the reticulations of the structure, can scarcely ever 


be got rid of. A small bit of thin glass being laid upon the balsam and gently pressed down, 
the preparation is complete. 
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cal form of this structure, from which the transition is easy towards either the 
more solid or the more open character which it elsewhere presents. When we 
obtain a very thin slice of one of these plates, taken parallel to its surface, we 
find that it is composed of a lamina apparently in itself destitute of structure, 
which is perforated with considerable regularity by apertures of a circular 
or oval form (fig. 61). The diameter of these apertures varies to a certain 
extent in different parts of the same shell; but from numerous measure- 
ments which I have made, I believe that it may be stated as usually between 
1-450th and 1-2500th of an inch. These plates lie parallel to each other, but 
not in contact; for they are separated by little pillars, which rise up verti- 
cally from each plate to support the next, and which thus connect the dif- 
ferent plates whilst holding them apart from each other. The broken bases 
or ends of these minute pillars are very commonly to be seen upon the sur- 
faces of the perforated plates (fig. 63c); and they are generally attached to 
points intermediate between three of the apertures. The entire thickness of 
the shell is thus made up by the succession of a great number of these per- 
forated plates, connected by their intermediate rows of minute pillars. The 
successive plates are always so disposed, that the centres of the perforations 
of one shall correspond with the intermediate solid structure of the next, as 
shown at au, fig. 61, where small portions of another plate are seen beneath 
the principal one. This arrangement is obviously destined to impart in- 
creased strength to the structure, being analogous to that which we meet 
with in the bee’s comb, where the centre of the bottom of the cell on one 
side is opposite the meeting-point of the walls of three cells on the other. 
Thus, in whatever direction we slice the shell of the Echinus, we always 
meet with a sort of reticulated structure; for if our section is parallel to the 
surface of any one of the plates, it brings into view one or more of the per- 
forated laminee just described, whilst, if it be perpendicular to the surface, 
it passes vertically through the series of these lamine, which form a succes- 
sion of bands nearly parallel to each other, and takes the direction of the 
pillars that connect them with each other, these pillars dividing the spaces 
between the laming into areole of a tolerably regular form (fig. 62). The 
testa is thus of an extremely porous character, the quantity of solid matter 
not being equivalent probably to more than one-third of its bulk, and the 
areola having the freest communication with each other. Hence it happens 
that if a portion of a fractured edge, or any other part from which the in- 
vesting membrane has been removed, be laid upon fluid of almost any de- 
scription, the fluid will be immediately sucked-up into the substance of the 
shell, and will add considerably to its weight. ‘Thus a piece of the testa, 
which when dry weighed 10 grains, when thus saturated with water weighed 
13 grains. 

108. The substance of which the lamina and pillars are composed is so 
extremely transparent, that when we have reduced a section to such a degree 
of thinness as to contain a small number of layers of reticulation, it is easy, 
by a proper adjustment of the focus of the microscope, to bring either one 
of them into distinct view; the intervention of two or three, between the eye 
and the layer which is under examination, not having the effect of impeding 
the sight of its structure. In fact, the opacity of a thicker layer, as of the 
entire shell, is due, not so much to the inability of its proper substance to 
transmit light, as to the dispersion of the light by the numerous irregular re- 
flexions and refractions which it will undergo when passing through several 
lamines of the reticular structure. And we find, accordingly, that when 
saturated with a transparent fluid, such as water or (still.better) Canada 
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balsam, a section which was thick enough to be previously quite opake be- 
comes translucent. 

109. The skeleton of the Echinodermata contains very little organic mat- 
ter. When it is submitted to the action of dilute acid, so that the calcareous 
matter is removed, the residuum is very small in amount; indeed, unless the 
acid be so weak as only just to dissolve the carbonate of lime, the organic 
matter will be also dissolved, and no animal basis will be apparent. If, on 
the other hand, the testa or spines of the Echinus be calcined, they will 
retain their form, but will be rendered extremely fragile. The following 
analysis is given by Prof. Valentin, on the authority of his colleague, Prof. 
Brunner, as representing the composition of the recent testa of the Echinus. 
The proportion of organic matter, however, would seem, from the experi- 
ments of Prof. Valentin himself (with which my own concur), to be rather 
too high. 

Carbonate of lime ............ 86°81 
Sulphate of lime ..........222. 1°38 
Carbonate of magnesia ........ 0°84 
Other salts and loss,.......-... 14 
Organic matter ..........08: 9°88 


100°00 

‘110. When a thin slice of the testa of the Echinus is submitted to the action 
of very dilute acid, so as to leave the organic basis undissolved, an examination 
of the latter shows that it possesses a structure entirely different from the ani- 
mal basis of the shells of the Mollusca. The reticular structure is preserved ; 
the meshes or areole being bounded by a substance in which a fibrous ap- 
pearance, intermingled with granules, may be discerned under a sufficiently 
high magnifying power. This tissue does not at all correspond either with 
the cellular or the membranous basis, which have been described as left after 
the action of acid upon the shells of the Mollusca. But it bears a very strong 
resemblance to the tissue, formerly called ‘ cellular,” but now generally 
termed “areolar,” which makes up a considerable part of the fabric of the 
body of higher animals, and which is particularly abundant in the substance 
of their true skin. I am disposed to regard the skeleton of the Hehinoder- 
mata, therefore, as an areolar tissue consolidated by the union of carbonate 
of lime with the fibrous elements ; whilst the shell of Mollusca (in their most 
perfect form) is composed of an aggregation of cells, within which the cal- 
careous matter is deposited. As the latter correspond with the epidermis of 
higher animals,— whose cells, if secreting calcareous matter instead of horny 
substance, would form a proper shell by their mutual adhesion,—so does the 
former appear to represent the cutis vera, of which the fibrous structure has 
been calcified. This calcification of areolar or simply-fibrous tissue, by the 
deposit of mineral substance, not in the meshes or areole, but in intimate 
union with the organic basis, is a condition of much interest to the physi- 
ologist; for it presents us with an example, even in this low grade of the ani- 
mal kingdom, of a process which seems to have an important share in the 
formation and growth of bone*. 


.¥ The attention of microscopists has been too much fixed of Jate upon the process of ossifi- 
cation, as it occurs in cartilage, and upon the history of the cartilage-cells, bone-cells, &c. 
Prof. Sharpey has lately, however, recalled attention to the well-known fact, that bone may 
be developed in fibrous membranes as well as in cartilage; and he states as the result of his 
observations (in which the author of this report can most fully confirm him), that bone may 
be developed by the calcification of the fibres of fibrous tissues; the edges of the cranial bones 
being thus formed beyond the limits of their cartilaginous basis, and the increase of the long 
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11]. The entire substance of the testa enclosing the bodies of the Echi- 
nid@ is made up of the structure now described ; and there is no difference 
between the internal and external portions of the shell, except in regard to 
the relative size of the areole. In fig. 62 we see a vertical section of the 
shell of Echinus, which exhibits the comparatively coarse texture of its inner 
portion, a. On the other hand, the texture is peculiarly close and firm in 
the tubercles which rise from the outer surface to support the spines. The 
structure of the calcareous framework which encloses the teeth is exactly of 
the same nature with that of the shell. In the teeth, however, a different 
arrangement is found, since the simple calcareous network would be by no 
means adapted to the purposes to which those organs are applied. Fora 
minute description of their structure, with which my own observations cor- 
respond so far as they have extended, I must refer to Prof. Valentin’s ‘ Mo- 
nograph.’ It has been pointed out by that eminent observer, that the buc- 
cal membrane contains a delicate calcareous reticulation, strongly resembling 
that which I have delineated in fig. 66 ; and he has detected a most beautiful 
example of the same structure in the calcareous skeleton with which, as long 
since observed by Monro, the sucker at that extremity of each ambulacral 
tube is furnished. Of his beautiful delineation of one of these discs, as it is 
seen when the animal matter of the tube has been rendered transparent by 
potting ion a solution of potash, a portion showing half the disc is reproduced 
in fig. 64. 

112. The spines of the Echinus, Cidaris, &c. present a structure essen- 
tially the same with that of the plates composing the testa; but they exhibit 
some peculiarities which are due to their mode of growth, and others which 
seem intended to confer upon them additional strength. When we make a 
thin transverse section of almost any spine belonging to the genus Echinus, 
we are at once struck with the existence of a series of concentric layers, 
arranged in a manner that strongly reminds us of the layers of wood in the 
stem of an exogenous tree*. The number of these layers is extremely va- 
riable ; and, as I shall presently show, it depends not merely upon the age of 
the spine, but upon the part of its length from which the section is taken. 
The centre of the spine is filled up with the same kind of calcareous network 
as that of which the plates of the shell are composed ; but it is usually of a 
less solid character, the areolz being larger in proportion to the fibro-calca- 
reous structure which surrounds them, so that the network seems made up 
by the interlacement of mere threads (fig.66). This medullary centre is 
bounded however by a row, more or less circular, of open spots, in which it 
is deficient (fig. 65, a, a) ; these, upon a cursory examination, might be sup- 
posed from their perfect transparency to be void spaces; but a closer exami- 
nation, especially at the outer surface of the spine, makes it evident that they 
are the sections of a circular row of solid ribs or pillars, which form the ex- 
terior of every layer. Their solidity becomes very obvious when we either 
examine a section of a spine whose substance is pervaded (as frequently hap- 
pens) with a deep colour, or when we examine a very thin section of any 
spine by polarized light. Around the first circle of these solid pillars we find 
another layer of the fibro-calcareous network, which again is bounded by 
bones in diameter being effected by the progressive consolidation of the fibrous element of the 
periosteum. It is frequently possible to trace out for some distance a fibre which bas been 
thus consolidated at one end by calcific deposit, and which remains soft at the other. (See 
Introduction to fifth edition of Dr. Quain’s Anatomy, p. cxlviii. et seg.) 

* I cannot but feel greatly surprised that Prof. Valentin should have indicated the con- 
centric arrangement so slightly as he has done, both in his plates and his descriptions, since 
it is very obvious in the transverse sections of many spines when they are merely polished, 
without being reduced in thickness. 
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another circle of solid pillars, whose transverse sections are seen at 6, 6 (fig. 
65). The same arrangement may be repeated many times. On looking at 
the outer border of the section, we observe that the rounded sides of these 
pillars form a series of projections (figs. 65 and 67, c, ¢) with hollows be- 
tween them; and these exactly correspond with the projecting ribs and fur- 
rows which we may notice running along the natural surface of the spine 
when we examine this with a magnifying-glass, or even (in some instances) 
with the naked eye. There is considerable difference in the spines of the 
various species with regard to the degree of proximity, and to the nature of 
the connection, of these solid pillars. In some instances they seem to be de- 
tached from each other, each being united to the adjoining ones and to the 
interlor substance merely by the general fibro-calcareous network (as in fig. 
65). But in other cases we observe that they obviously send prolongations 
. inwards, whose atrangement corresponds with that of the medullary rays of 
the exogenous stem ; these prolongations are sometimes Jost amid the fibro- 
calcareous network (figs. 68, 69); but in other instances they pass inwards 
without altogether losing their solid character, and abut against the exterior 
of the row of pillars which bounds the layer within (figs. 70,72). Even in 
this latter case, whilst we can clearly trace inwards the solid plates until they 
become continuous with the pillars of the next interior layer, we observe that 
they are traversed by threads of the same fibro-calcareous network ; and it 
seems rather difficult to reconcile the idea of the solidity of the plates with | 
the fact, that wherever we cut across this structure we observe the network | 
thus oooupying the whole space from one circle of pillars to the next. We | 
shall find the explanation of this, however, in the structure which the longi- 

tudinal section reveals to us. When we examine a thin slice taken in the 
latter direction in such a manner that the plane of the section passes through 
any diameter of the transverse section (so as to pass along with the radiating 
plates and hot across them), we see the centre of the spine occupied, as be- 
fore, with the fibro-calcareous network, forming a medulla, in which no re- 
gular pattern is discernible (fig. 73, a). This is bordered on either side by 
a long solid rib or pillar (1, 1); and upon a careful examination of this, it is 
found that its inner border passes insensibly, as it were, into the fibro-cal- 
eareous network, the solid part of which springs from it. Passing on to the 
next layer on either side, we observe that the network re-appears (as in the 
transverse section), but that it gradually assumes a more regular character | 
as we approach the long pillars (2, 2) that form its exterior, so as to present 
rather the appearance of a continuous plate with perforations at regular in- 
tervals,—-these perforations becoming smaller and smaller, so that the areole — 
bear 4 less and less relation to the solid substance,—-until we arrive at the 
exterior of the layer, where we lose them altogether, and instead of the fibro- 
calcareous network find the solid rib or pillar. Upon the exterior of this we 
find the areolar structure tecommencing, and again passing gradually into 
the solid ribs; and this alternation continues until we reach the externsl 
layer. This transition from the areolar structure into the imperforate plate is 
shown on a larger scale in fig.68: Wesec then that a transverse section taken 
at any point of the length will find the pillars, 66, completely solid, whilst the 
plates,aa, which pass inwards from them towards the centre, are so perforated, 
that when cut across at any point they will always exhibit somewhat of the 
reticular structure. The variations just alluded tu, as exhibited by the trans- 
verse sections of different spines, are presented also by the vertical ; for in 
some we find the solid structure of the ribs in every layer passing at once 
into an irregular reticulation, as in the inner layer of the one here figured 
(fig. 73), whilst in others the vertical plates of every layer pass with more 
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continuity towards the centre, until they abut against the the layer way 
7 


next within. 


are, as In exogenous trees, the result of successive formations or acts of 
growth; their deposition taking place in the substance of the membrane 
which envelopes the exterior of the spines, in the same manner as the addi- 
tions to the edges of the several plates of the shell are trade by the calcifi- 
cation of a portion of the membrane which dips down between them. At 
what intervals these additions are made, we have at present no means of de- 
termining. The manner however in which they modify the form of the spine, 
as shown by sections in both directions, is often very curious. In fig. 78 is 
shown a longitudinal section of part of one of the large club-shaped spines of 
Echinus atratus passing through about two-thirds of its length, and show- 
ing the mode in which the successive growths are disposed. It will be seen 
that the spine, as first developed, terminated utd. The next layer completely 
invested this, but added much more to the length of the spine than to its dia- 
meter; its termination is seen ate. The successive layets, the terminations 
of four of which are seen at f, g, 4 and 7, mark out the succession of sizes which 
the spine possessed after each addition; the accretion being always so ttiuch 
greater in the longitudinal than in the transverse direction, as to preserve 
the original proportions of the spine throughout. The consequence is, that 
a section taken across the line 5c, near the base of the spine, will exhibit al? 
the layers of which the spine is made up; each layer being narrow, and the 
central medulla small. A section taken across the line & J, at about the 
middle of the length, will not traverse the original spine, nor will it bring 
into view anything older than the fourth layer, within which the central me- 
dulla will be of larger size; and the total number of concentric layers which 
it presents will be three fewer than that shown in the preceding section, 
although its area will be greater. Lastly, a section taken across the spine 
near its extremity will bring into view, although of larger diameter than 
eithet of the preceding, only the last one or two layers, of which the inner 
one embraces a large area of loose medullary reticulation. 

114. One of the most curious features disclosed by transverse sections of 
such spines, is the very uniform manner in which the radiating vertical plates 
of each layer are connected with the pillars of the preceding. This is partl- 
culatly well seen in fig. 70. We do not see a ftesh series interposed in the 
extetnal Iayers, the number being seldom increased. I have now and then, 
however, observed one or two additional pillars in the outer layers; but the 
plates Which should pass inwards from these towards the centre soon become 
lost in the general reticulation. 

115. Another interesting feature in the structure of these spines consists 
itt the means taken to repair an injury. This at least is the interpretation I 
should put upon an appearance which I have several times met with, and of 
which fig. 65 will give an idea. It will be observed that thé continuity of 
the tow of pillars forming the second layer from the centre is Interrupted at 
d; snd the reticulation at that part has a confused appearance, as if it had 
been beaten in by a dent on the outside of the spine. Over this portion, and 
extending for some little way on either side of it, we observe a thin layer, 
ee, with its own set of pillars, which, not extetiding around the entire spine, 
seems to have been formed to repair the injury of the subjacent portion. 
And the whole is covered in by the next regular layer, which extends uni- 
formly around the whole spine. It would hence appear that the membrane 
covering the spine has not only the power of depositing new layers of the 
calcareous network at certain regular petiods, but that it can also, like the 
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mantle of the Mollusca, furnish an extraordinary supply of the requisite ma- 
terials, when they are required for the reparation of an injury *. 

116. In the spines of Cidaris a different arrangement seems to prevail ; to 
which difference I believe that Professor Grant was the first to draw attention 
, (Outlines of Comparative Anatomy, p. 21). ‘In some of these external 

spines of Echinida,” he says, “the growth appears to be effected by the 
addition of calcareous matter only to the proximal extremity, or fixed ends 
of the spines. The lines of growth do not then converge and meet in 
longitudinal sections, but diverge and terminate at the sides of the spines. 
This structure is seen in the spines of Cidarts pistillaris. The compact 
portion of the spine formed within the capsule is seen occupying the middle 
of its whole extent; and the successive layers of growth are observed 
extending from this central portion to the sides along the whole spine.” 
This description, however, having been given at a time when nothing was 
known of the minute structure of the shell or its appendages, is far from 
being accurate, as will appear from the following account of the appear- 
ances presented when thin sections of the spines of Cidaris are examined 
with the microscope. Their principal substance is made up of the same 
calcareous areolar structure as that of which the shell is composed; but 
this presents none of the concentric arrangement so beautifully displayed 
by transverse sections of the spines of Echint. The central portion usually 
has a larger or looser reticulation than the external ; but there is no definite 
boundary between the two, the large areole of the central portion becoming 
gradually contracted, until they pass into the average of those which make 
up the principal part of the area of the section. As there is nothing iike a 
concentric arrangement of successive layers, so there are but very slight indi- 
cations of the longitudinal lamella, whose radiating arrangement is so cha- 
racteristic in the spines of Echini. A transverse section shows that along 
certain lines passing from the centre to the circumference, the calcareous 
network seems to have a greater tendency to solidity than in the intervening 
spaces, presenting, in fact, very much the appearance of those portions which 
are seen in fig. 69 to connect the solid ribs of one layer with those of another. 
But ia no part of the longitudinal section do we see this network passing 
into a solid plate or rib; nor have I been able to detect, either in transverse 
or in longitudinal sections, the least trace of the interruption of the areolar 
structure by lines of growth. But the areolar structure of the spine of 
Cidaris is completely encased by a cylindrical covering of a solid apparently 
homogeneous substance, chiefly calcareous; and it is this which is very com- 
monly raised up in ridges on its exterior. This substance is traversed by 
lines, which pass from the interior substance to the external surface of the 
spine, their direction however not being exactly at right angles to the axis 
of the spine, but being commonly a little oblique. These I presume to be 
the lines supposed by Dr. Grant to indicate the successive layers which he 
believes to have been joined on at the base of the spine; but when they are 
seen with a sufficient magnifying power in thin sections, transverse or longi- 
tudinal, of the spine, they are at once perceived to be éubes of irregular di- 
mensions, but of considerable size, which pass from the external surface on 
which they open, to the interior of the solid structure. I am unable to s 
with certainty as to the mode in which the spines of Cidaris are enlarged, 
owing to the absence of sufficient indications of successive formation; but I 
think it improbable that the additions can be made (as Dr. Grant supposes) 

* J have no right to speak with confidence upon this point, not having had the opportu- 
nity of experimenting upon a living animal; but I cannot see what other probable explana- 
tion can be given of the appearances above described. 
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at the base or attached end of the spine, since the portion which forms the 
cup is composed, as in the Echinus, of u colourless reticulated structure, 
whose areole are remarkably small, and this passes into the ordinary tissue 
of the spine without any such break as might be expected to present itself 
if new growths were there interposed. This much, however,.seems certain, 
that whatever additions these spines may receive in length, they cannot be 
augmented in diameter, this being fixed in the first instance by the produc- 
tion of the solid calcareous cylinder, which forms the exterior of the spine. 

117. The same general. plan of structure may be traced in the spiny ap- 
pendages of other Echinida ; such as the slender almost filamentary spines of 
the Spatangacea, and the innumerable still more minute hair-like processes 
attached to the shell of the Clypeasterig. Many of these are extremely 
beautiful objects, when examined entire under the microscope without any 
preparation. 

118.' It is interesting also to remark that the same calcareous reticulation 
presents itself in the curious Pedicellaria, which is found upon the surface 
of many Achinida, and has been so great a source of perplexity to zoolo- 
gist. The complete conformity which exists between the structure of their 
skeleton and that of the animal to which they are attached, ought in my 
opinion to remove any remaining doubt that they are truly appendages of it. 
In fact, I can see no more reason for regarding them as parasites, than we 
consider the ambulacral tubes. That they participate in the vitality of the 
body upon which they grow, is shown by this curious fact among others,— 
that when the skin of a living Echinus is irritated with the point of a needle 
or pin, the small spines, and also the pedtcellaria in the neighbourhood, all 
bend over towards the irritated spot, their movements being obviously di- 
rected to the removal of the source of irritation. This statement, first made 
by Sars, has been denied by Prof. Forbes (British Starfishes, p. 159) ; but 
I can bear personal testimony to the fact, having repeatedly tried the expe- 
riment upon a large and lively specimen of Echinus sphera, which I had 
under observation for several days*. 

The structure exhibited in the shell of the Echinus is repeated in that 
of the three genera which may be regarded as the types of the principal 
subdivisions of this order; namely, Cidaris, Clypeaster, and Spatangus. 
There can therefore be no reasonable doubt that it is universal throughout 
the group. No such differences present themselves, however, as would serve 
to establish generic or even family distinctions; but the structure is so cha- 
racteristic of the class, that the minutest fragment of the skeleton of an 
Echinoderm might be unhesitatingly recognized as such by the aid of the 
microscope. And this structure is perfectly preserved, even after the shell 
has been infiltrated with calcareous matter in the act of fossilization, and has 
become so completely mineralized, that the disposition to rhomboidal cleavage 
makes it difficult to obtain a section in any other direction. The fossil 
Echinida of the oolite are much better subjects for microscopical investi- 
gation than are those of the chalk; since, beautiful as the latter are exter- 
nally, the infiltration by which they have been mineralized seems to have 
contained so much undissolved carbonate of lime, which has been deposited 
in an amorphous state, that it is difficult to obtain transparent sections of 


* In all such cases positive evidence is of course to be preferred to negative. I¢ will be 
remembered that Prof. Agassiz had the temerity to deny that the Echinida could use their 
ambulacral tubes for progression, because he had never seen them do 50; a statement very 
properly refuted by Prof. Forbes (op. cif. p. 144). The large Echinus sphera, mentioned in 
the text, climbed up the sides of a basin by means of these tubes, and kept itself anchored 
hear the top by the suckers at their extremity. 
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them. Characters of much value, however, may probably be drawn from 
the internal structure as well as from the external markings of the spines ; 
and I quite agree with Prof. Forbes (British Starfishes, p. 145), that these 
characters are of value in distinguishing spectes as well as genera among the 
Cidarites ; whilst in the families Clypeasterie and Spatangacee (in which the 
spines are almost rudimentary) their differences are less minute, being rather 
characteristic of the entire groups than of their subdivisions. 

119. I have found the same structure to present itself in the calcareous 
plates which form the less perfect skeletons of the Asteriadz; and also in 
their spines, when these are furnished with a calcareous framework, and are 
not mere projections of the hard integument. The spines of the large Go- 
niaster equestris are particularly well developed ; and both they and the mam- 
miform tubercles on which they are seated most distinctly display the cal- 
careous network already described. They are not united together by a ball- 
and-socket articulation, the adjacent surfaces of the tubercle and spine being 
flattened, and held together by a membrane. There is no interposition of 
solid lamin in the interior of the spine, nor any difference of structure on 
its exterior; but the substance is of the same character throughout. This 
is, however, probably the nearest approach exhibited in the Astertade to the 
arrangement of these appendages which is sa characteristic in the Achinida. 

120. The same kind of structure is repeated in the family Ophiurida, 
which forms in some respects the transition to the Crinoidal group; but the 
calcareous skeleton is here generally subordinate to the firm and almost 
harny integument. Jn the Crinoide@, on the other hand, the calcareous 
skeleton is highly developed, and its structure is extremely characteristic. 
I have had an opportunity of examining this in the recent Pentacrinus Capue 
Medusa, a transverse section of whose stem is shown in fig. 76, whilst a por- 
tion of the structure more highly magnified is shown in fig. 77. From an 
inspection of the latter, the complete conformity of its nature, in all essential 
particulars, with that of the calcareous testa of the Lchinus, will be at once 
apparent. There is displayed, however, in the entire stem of the Pentacrinus, 
as in the spines of the Eckinus, a certain pattern, which results from nothing 
else than the varying dimensions of the areol in different parts. This pat- 
tern, in the recent species, is formed (as will be seen on inspecting fig. 76) 
by the prasence of five pairs of rays (strongly reminding us of the medullary 
tays of an exogenous stem), which extend from the centre towards the cir- 
cumference, gradually losing themselves in the general substance of the stem ; 
and by the five dark oval spaces, which are included at their central termi- 
nation between the diverging rays of each pair. What is the purpose of 
these rays does not seem apparent; they are, however, constantly present in 
the joints of the stem; but they do not exist in the Jateral arms and appen- 
dagea, the areolar substance of which is of uniform aspect throughout, The 
characteristic structure may be clearly traced in fossil specimens, even al- 
though they have undergone such a transformation as to be converted into 
solid carbonate of lime, cleaving into regular rhomboids. The patterns shown 
in transverse sections of the stem are so different in distinct species of Penta- 
crinie, that they may serve to afford valuable specific characters, or may 
enable us to recognise the species from minute fragments. Thus in fig, 73 
we see that the spaces included between the diverging rays are of the same 
oval forin as those of the recent Pextacrinus, but that they interlace with the 
surrounding structure by a set of broad digitate prolongations, which are 
altogether wanting in the latter. And in fig. 74, in which these digitate pro- 
longations are again shown, we find that the spaces included between the 
radiating plates of each pair are no lopger broad and oval, but narrow and 
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bounded by nearly straight edges. I have not been able to obtain specimens 
enough of the several species of Pentacrinite to follow out this inquiry as it 
deserves; but I may remark, that, so far as my knowledge extends, the vari- 
ation of internal structure in different parts of the same stem is very trifling, 
—much less, in fact, than might be inferred from the surface-markings of 
the joints,—as delineated by Goldfuss and Dr. Buckland. 

121. Whilst wh the Pentacrinus there is an entire absence of any appear- 
ance of concentric arrangement, we meet with this in the stems of Apiocrinizes, 
Actinocrinites, and other round-stemmed Encriuites, which do not show any 
trace of the medullary rays of the Pentacrinite. The characters of their ele- 
mentary structure are precisely conformable to the general type, and do not 
present any speciality that can serve for the discrimination of species or 
genera. The structure of the plates of the body, in these and other Crinoi- 
dea, is exactly the same as that of the pieces of the testa of Echinus. 

122. It only remains for us to notice the orders Holothuriad@ and Sipun- 
culidz, in which, as is well-known, the calcareous skeleton of the other 
Echinodermata is reduced to ita most rudimentary condition, never forming 
a complete and connected framework, but only showing itself in detached 
pieces, the disposition of which is extremely variable. In the Holothuria 
discovered a few years since on the Cornish coast by Mr. C. W. Peach, there 
are five solid calcareous plates around the mouth, in which the characteristic 
reticulation is well seen. Each of the tentacula also has a small calcareous 
disc at its extremity, which is a sort of rude sketch of that of the ambulacral 
suckers of the ZEchinus. I am not aware that any trace of a calcareous 
skeleton has been found in either of the genera of the order Sipunculacee ; 
but looking to the extraordinary unity in the plan of organization, which is 
shown in the elementary structure of the skeleton throughout the entire 
class of Echinodermata, I cannot doubt that should such rudiments be dis- 
covered, they would present a similar character. 


XVIII. Crustacea. 


123. In regard to the microscopic structure of the hard envelopes of Crus- 
tacea, I can as yet only speak from examination of the common Crab and 
Lobster ; but the facts which this examination has disclosed are so curions, 
that I think it better not to delay the publication of them until I have ex- 
tended the inquiry to members of other divisions of the class; more espe- 
cially as in a recent paper by M. Lavalle on the ‘ Microscopic Structure of 
the Shell of Decapod Crustacea’ (Annales des Sciences Naturelles, June 
1837), these facts appear to me to be very imperfectly appreciated. I think 
it but just to myself to quote, in the present Report, the description which I 
gave of this structure in my first communication to the British Association 
four years since, and published in the Annals of Natural History for De- 
cember 1843. ‘ The envelope of the Crab and Lobster consists of three 
layers; internally, a thick calcareous layer, the surface of which is raised up 
in litde papillary elevations ; upon this lies a layer of pigment-cells, to which 
the colour is dye; and externally is a structureless horny epidermis. The 
pigment-cells fill up the valleys or intervals between the papillary elevations 
of the calcareous layer, but do not cover the latter. The epidermis, which 
is quite smooth, lies flat upon the whole, adhering to the tops of the papillz ; 
s0 that, when the shell is closely examined from the outside, it is seen to have 
a minutely speckled appearance, the red ground given by the pigment-cells 
being stadded with the white tops of the papille which rise up through it, 
The calcareous layer is composed of a substance exactly analogous to ivory, 
being yery transparent and apparently homogeneous, when cyt into very 
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thin slices, and being perforated by an immense number of minute sinuous 
tubuli, which run nearly parallel to one another from one surface of the shell 
to the other. This arrangement may be seen by making a thin section of 
any part of the shell; but it may be shown particularly well in the end of the 
claw, which is thicker and of denser texture than the rest. <A transverse 
section of this shows the tubes radiating from the central cavity towards the 
external surface, and would, I feel assured, be regarded by the most expe- 
rienced observer as the section of a tooth, if he were not informed of its real 
nature.” 

124. Of the horny epidermic membrane it is not requisite to say anything 
additional. It is easily detached from the subjacent layers, after the shell has 
been immersed for a time in dilute acid; and I find M. Lavalle in accordance 
with me in the statement that it presents no trace of structure. The pigmentary 
layer, which it covers-in, presents(when examined with a sufficiently high mag- 
nifying power) the clearest possible indications of cellular arrangement (fig- 
79); and I can therefore only attribute to the want of a sufficiently minute ex- 
amination of his object the very imperfect account of the structure of this layer 
given by M. Lavalle. “‘ Examined by its surface,” he says, “the pigmentary 
layer often presents a well-marked areolaraspect. The Lupea dicantha pre- 
sents a jrood example of this organization. Here, as in the majority of cases, 
the polygons which by their junction form this surface, are nearly regular, 
and most commonly present six sides. In some cases there may be remarked 
in the middle of nearly all these polygons a little prolongation which appears 
to belong to the epidermic layer. Is this appearance due to veritable 
lines disposed in a regular network? Or is it rather produced by little mam- 
mille pressed against each other, of which we can only distinguish the fur- 
rows of separation? I am of this last opinion.” The representation given 
by M. Lavalle of the pigmentary layer of Lupea dicantha closely resembles 
fig. 78, which is a view of the pigmentary layer in the common Crab ( Cancer 
pagurus) under a low magnifying power. But when a sufficiently thin sec- 
tion is examined by transmitted light with a high magnifying power, the 
character of the network and of the dark spaces which it encloses becomes 
at once apparent (fig. 79). It is then obvious that the nearly colourless 
polygonal reticulations are the thickened walls of cells, each of them being 
seen to be divided by a distinct line, which marks the junction of the conti- 
tiguous boundaries; whilst the dark spaces or areole are the cavities of the 
cells, filled up with colouring matter or with some other semi-opake sub- 
stance. This structure is not confined to the coloured parts of the shell ; 
the cellular layer being equally found on the white under-surface of the body 
and legs. It is noticed by M. Lavalle that the colouring layer seems to con- 
tain carbonate of lime ; as, in cases where it can be detached from the layers 
above and beneath, it effervesces when placed in dilute acid. As it is not 
thick enough in the Crab and Lobster to be thus separately examined, I 
cannot speak on this poizt ; but I should be disposed to think that the calca- 
reous matter forms the deposit on the walls of the cells which give them such 
remarkable thickness. The presence of the pigmentary layer has been de- 
termined by M. Lavalle in a large number of Decapod Crustacea of different 
tribes ; and he states that in some instances it is of very considerable thick- 
ness, being in the Scyllarus latus the thickest of the three layers of the shell. 
In the Crayfish and many other species, it presents, according to M. Lavalle, 
‘in its intimate structure, a variable number of extremely fine lines, passing 
in a direction parallel to the surface of the shell and to each other, and with- 
out apparent anastomoses.” Their number is usually from six to fifteen ; 
but they sometimes considerably exceed the larger of these amounts, being 
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more than thirty in a Lobster, and more than sixty in a Palinurus of ordinary 
size. This number, M. Lavalle remarks, is in relation neither with the 
thickness of the pigmentary layer, nor with the size of the species observed ; 
it appears to augment with age. I have mot myself noticed these lines— 
probably because the pigmentary layer in the specimens I have examined 
was too thin to exhibit them ; but they seem to be analogous to those shown 
in figs. 80 and 81 in the subjacent calcified layer. 

125. The internal or dermal layer is that which constitutes by far the 
thickest part of the shell of the Crab; and must be regarded as its funda- 
mental or essential element, since (according to M. Lavalle) it is never 
wanting in the Decapod Crustacea, whilst the other layers are sometimes de- 
ficient. It is in this internal layer that the calcareous matter is chiefly de- 
posited ; but even after this has been removed, a very distinct animal basis 
is left, possessing considerable substance, and analogous to that which is left 
after the decalcification of dentine. The lines which are seen in a vertical sec- 
tion of the shell to be running parallel to the surface and to each other 
(figs. 80, 81), closely correspond with those which are presented by many 
varieties of dentine, and seem to indicate the successive stages of the calci- 
fication of the testa from without inwards. These lines are stated by M. 
Lavalle to present themselves in the shells of all the Crustacea which he has 
examined, with the exception of certain Anomoura ; and in these exceptional 
cases the dermal layer presents the further peculiarity of distinct iridescent 
colours. This coloration, he adds, remains after the removal of the calca- 
reous matter by dilute acid. In certain other cases, a portion of the dermal 
layer exhibits these lines, whilst others are destitute of them. Their number 
differs widely in different species, from 8 to 210 or more; and it seems to 
vary in the same species according to age ; young Crayfish having from 6 to 
10, and large ones from 25 to 80 in corresponding portions of the shell. In 
his speculations regarding the nature of these lines and the intimate structure 
of the shell-substance, M. Lavalle appears to me to have been altogether led 
astray by the insufficiency of his magnifying power, and probably also by 
the too great thickness of his sections. He describes the substance of the 
dermal layer as made up of filaments passing directly from one surface of the 
shell to the other; these filaments being homogeneous, and “ presenting no 
trace of a central canal.” Nevertheless he remarks, that on making a section 
parallel to the surface, nothing is seen but “an immense number of little 
black points on a more transparent ground.” This being precisely the ap- 
pearance of dentine, when examined under a low power, and cut in a direc- 
tion transverse to that of the tubuli, I cannot but feel surprised that M. 
Lavalle should have stopped short at this point. The application of a suffi- 
ciently high power to a very thin vertical section of the shell brings into 
distinct view the existence of parallel tubuli (tig. 81); and if a section 
parallel to the surface be examined with a similar magnifying power, the 
orifices of the tubuli are seen, surrounded by a clear space which indicates 
the thickness of their walls, precisely as in dentine. This structure is par- 
ticularly well seen in the black extremities of the claws of the common Crab, 
in which the intertubular substance is quite pellucid in a thin section, and 
of which the density is as great as that of many varieties of dentine. It 
exists likewise in the remainder of the shell; but from some difference in its 
molecular constitution, the shell generally is of a much less dense and tena- 
cious character, and the intertubular substance has an opake chalky aspect, 
which renders even a very thin section of it impermeable to light unless it 
be saturated with Canada balsam, which then very commonly enters the 
tubuli and prevents them from being readily distinguishable. 

1847. K 
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126. My distance from the coast has hitherto deprived me of the oppor- 
tunity of examining a Crab or Lobster in the act of forming a new shell after 
the exuviation of the old one ; and I cannot therefore speak with any certainty 
in regard to the mode in which the dermal layer is developed and calcified. 
There can be little room for doubt, however, that the process of the formation 
of this layer of the testa is precisely analogous to the development of the 
dentinal structure ; and that it originates, like the latter, in a cellular pulp, 
covering (in this case) the entire surface of the true skin. The parallel 
lines brought into view in a vertical section can scarcely be anything else 
than indications of successive stages of ealcification; and the objection to 
such a view, drawn by M. Lavalle from the fact that there is a perfect 
continuity of structure between the successive bands, ceases to have any 
weight, when it is remembered that the same continuity exists in dentine, 
which is unquestionably calcified in successive layers from without inwards. 


List oF ILLUSTRATIONS. 


Piate I.—Fig. 1. External surface of Zerebratula australis, as seen by 
transmitted light when the shell has been reduced in thickness from the 
inner side; showing the perforations in the shell covered-in by mem- 
branous discs. Magnified 40 diam. (§ 58).—Fig. 2. External mem- 
brane (epidermis ?) of the same shell, separable by maceration in dilute 
acid ; shuwing its continuity, with an increase of thickness, over the 
orifices of the perforations. Magnified 40 diam. (§ 58).-—Fig. 3. De- 
calcified membrane of shell of Zerebratula caput serpentis ; showing the 
ceecal tubes which occupy the perforations, and their connection by the 
basement-membrane of the shell: 3, a; another portion, showing the 
opercular discs attached to the ceecal terminations of the tubes. Mag- 
nified 150 diam. (§ 58).—Fig. 4. Ceecal tubulus from the shell of Zer. 
australis, showing the contained cells: 4, a; small portion of the man- 
tle of the same shell, on which lie numerous minute cells, correspond- 
ing in size and appearance with those contained within the cecal tubuli. 
Magnified 150 diam. (§ 58). 

PLATE II.—Fig. 5. Vertical section of decalcified membrane of Pinna rudis 
which has spontaneously split iuto lamine of variable thickness ; 
always, however, along the course of the transverse astriz. Ata,a are 
seen the edges of two laming, each of which seems to consist of but 
a single layer of flattened cells; and at 5, 5 are seen the surfaces of 
similar lamine, partially turned towards the observer. Magnified 20 
diam. (§ 62).—Fig. 6. External cellular layer of Pecten nobis. Mag- 
nified 150 diam. (§ 61).—Fig. 7. External cellular layer of Anomia 
ephippium. Magnified 250 diam. (§ 60). 

Pirate II].—Fig. 8. Vertical section of the shell of Unio occidens, taken in 
a line passing from the umbo to the lip; aa’, 6 8’, cc’, well-marked lines 
of growth, evidently indicating distinct formations ; the parallel lines 
between these seem to indicate successive stages of the same formation, 
whilst the lines below ec! are probably the boundaries of the succession 
of thin laminee formed after the shell has attained nearly its full growth. 
Magnified 15 diam. (§ 63).—-Fig. 9. Portion of the preceding section 
(near a) enlarged to show the transverse striation of the prisms resem- 
bling that of Pinna. Magnified 40 diam. (§ 63).—Fig. 10. Another 
portion of fig. 8 (near c) enlarged to show the succession of layers of 
prismatic structure, with intervening epidermis, in the thickened lip. 
Magnified 40 diam. (§ 63). 
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Prare [V.—Fig. 11. Tubular external layer of Zithodomus. Magnified 
500 diam. (§ 69).—Fig. 12. Flattened polygonal cells of internal layer 
of Dreissena polymorpha ; these cells cut transversely at a, and obliquely 
at 5. Magnified 25 diam. (§ 69).—Fig. 13. Section of middle layer 
of Chama, showing cellular structure cut transversely at a, a, obliquely at 
b, 6, and longitudinally at c,c. Magnified 25 diam. (§ 71).—Tig. 14. Tu- 
bular layer of Arca barbata, near the edge of the shell, showing that 
the tubuli there occupy the spaces between the ridges, and are directed | 
towards them. Magnified 50 diam. (§ 78).—Fig. 15. Section of ex- 
ternal layer of Nucula margaritacea, showing the tubuli opening (as 
black points) upon the surface of the ribs aa, 6d, whilst in the clear 
spaces between them indications of cell-structure are seen. Magnified 
100 diam. (§ 78). 

PLaTE V.—Fig. 16. Section of external layer of Zellina, parallel to the sur- 
face, showing large fusiform cells cut nearly in the direction of their 
length. Magnified 40 diam. (§ 76).—Fig. 17. Section of internal 
layer of Zellina, parallel to the surface, showing smaller fusiform cells 
eut somewhat obliquely. Magnified 80 diam. (§ 76).—Fig. 18, Ex- 
ternal cell-layer of Mactra stultorum. Magnified 80 diam. (§ 77).— 
Fig. 19. Internal cell-layer of Lutraria elliptica. Magnified 150 diam. 
(§ 77).—Fig. 20. Cellular structure from middle layer of Mya arenaria. 
Magnified 150 diam. (§ 78).—Fig. 21. Portion of the same layer, in 
ray boundaries of the cells are less distinct. Magnified 150 diam. 

78). 

Prare VI.—Fig. 22. Another portion of the shell of Mya arenaria, nearer 
the external surface, in which the cells have distinct boundaries, and 
exhibit large dark nuclear spots. Magnified 150 diam. (§ 78).— 
Fig. 28. Portion of the same layer, in which the cell-boundaries are ob- 
literated, but the nuclear spots remain. Magnified 130 diam. (§ 78).— 
Fig. 24. Portion of the same layer, in which the cells appear to have 
coalesced in sinuous rows. Magnified 150 diam. (§ 78).—Fig. 25. 
External surface of the same shell, showing incomplete layer of large 
cells, dispersed over a subjacent complete layer of smaller cells. 
Magnified 150 diam. (§ 78).—Fig. 26. Large cells, with radiating ar- 
rangement of their calcareous contents, from section of tooth of Mya 
arenaria. Magnified 80 diam. (§ 78).—Fig.27. Large cells of simpler 
aspect, from the same tooth, passing on one side into the preceding, and 
on the other into homogeneous substance. Magnified 80 diam. (§ 78). 

Piate VII.—Fig. 28. Elongated cells, from the tooth of Mya arenaria, 
divided obliquely, with square terminations. Magnified 80 diam. (§ 78). 
—Fig. 29. Fusiform cells, from the same tooth, divided nearly longi- 
tudinally, marked by transverse strie. Magnified 80 diam. (§ 78).— 
Fig. 80. Cellular layer of Corbula tenicata; the cells rounded and iso- 
lated in one stratum, polygonal and united in another. Magnified 80 
diam. (§ 79).—Fig. $1. Superficial layer of Zhracia convera, showing 
large isolated cells superposed upon the proper external layer. Mag- 
nified 80 diam. (§ 81).—-Fig. 32. Section through the external layer 
of Thracia distoria, parallel to the surface, showing its very definite 
division into polygonal cells with nuclear spots. Magnified 40 diam. 
(§ 81).—Fig. $5. External layer of Myodora striata, showing large 
eee. cells cropping out obliquely on the surface. Magnified 40 diam. 

§ 82). 

Puats VUI—Fig. $4. External layer of Anatina, showing distinct cells, of 

which the boundaries are not sharply defined, and the contents have a 
K2 
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radiated arrangement. Magnified 162 diam. (§ 80).—Fig. 35. Section 
of shell of Pandora rostrata, traversing the external layer of prismatic 
cellular structure (a), and the internal nacreous layer (6). Magnified 
400 diam. (§ 83).—Fig. 36. External layer of Solemya austraks, show- 
ing long prismatic cells, whose axes are nearly parallel to the surface. 
Magnified 55 diam. (§ 84). 


Pirate IX.—Figs. 37 and 38. Section of the shell of Solemya australis, 


passing obliquely from external surface (a) to internal surface (e), and 
showing gradual transition from cells with firm membranous walls (a 6) 
to cells whose walls are less distinct (cc), and at last into a structure 
(de) in which the traces of the partitions almost disappear. Magnified 
40 diam. (§ 84).—Fig. $9. Decalcified membrane of the external layer 
of the same shell (fig. 36). Magnified 60 diam. (§ 84).—Fig. 40. An- 
other portion of the internal layer of the shell of Solemya austraks, 
composed of distinct prismatic cells. Magnified 60 diam. (§ 84). 


Pirate X.—Fig. 41. External surface of Solen (beneath the epidermis), 


showing the rounded terminations, with distinct nuclear spots, of the 
long prismatic cells of which the external layer is composed. Magni- 
fied 150 diam. (§ 84).—Fig. 42. Internal layer of Solecurtus, showing 
traces of cellular arrangement. Magnified 150 diam. (§ 84).—Fig. 43. 
External layer of Soler, showing long prismatic cells with transverse 
strie.—(N.B. The lines of division between the cells, which pass horz- 
zontally in this figure, are not marked with sufficient clearness; whilst 
the vertical lines, which indicate the successional growth and elongation 
of the prismatic, or rather fusiform, cells, are rather too forcibly ex- 
pressed.) Magnified 55 diam. (§ 84).—Fig. 44. Outer layer of Septa- 
ria gigantea, as shown in a vertical section of the tube, following its 
surface. Magnified 40 diam. (§ 85).—Fig. 45. Section of inner layer 
of ditto in the same direction. Magnified 40 diam. (§ 81). 


Piate XI.—Fig. 46. Transverse section of tube of Septaria gigantea, show- 


ing the thin outer layer (a), the thick inner layer (5), and the success- 
ive additions subsequently made to its internal surface at c. Magnified 
20 diam. (§ 86).—Fig. 47. Portion of fractured surface of middle layer 
of Cyprea mauritiana, broken transversely to the lines of growth ; show- 
ing laminee composed of prismatic cells obliquely crossing each other. 
From a figure of Mr. Bowerbank’s. Magnified 235 diam. (§ 90).— 
Fig. 48. Section of shell of Cyprea mauritiana, in the same direction, 
showing prismatic appearance of external layer (a), and of its duplicature 
(d); lamine of internal layer (6) crossing obliquely ; and prismatic ap- 
pearance of internal layer (c). Magnified 125 diam. (§ 91).—Fig. 49. 
Section of Conus in the same direction, showing the reverse appearances, 
namely, prismatic appearance of middle layer (6), and obliquely inter- 
secting lamine of external layer (a) and of internal layer (c). Magni- 
fied 70 diam. (§ 91). 


Pirate XII.—Fig. 50. Section of Conus nearly parallel to the internal sur- 


face of the shell, showing the prismatic or fusiform cells of the inner 
layer (a) and of the middle layer (6), arranged at right angles to each 
other. Magnified 60 diam. (§ 92).—Fig. 51. Vertical section of shell of 
Patella, nearly parallel to the surface, traversing the middle layer (a, a), 
composed of polygonal cells cut transversely, and the internal layer (6, sy 
whose irregular prismatic cells are cut longitudinally and shown under 
polarized light. Magnified 60 diam. (§ 95).—Fig. 52. External layer 
of Chiton spiniger, nearly parallel to the surface, showing the large 
canals which penetrate it obliquely. Magnified 60 diam. At a is 
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shown a small portion of its inner part more enlarged, in which is seena 
very distinct cellular structure. Magnified 450 diam. (§ 96).—Fig. 53. 
Section of the compact portion of the base of Calyptrea, showing poly- 
gonal cells. Magnified 60 diam. (§ 97).—Fig. 54. Section of cancel- 
lated portion of base of Calyptrea, showing round discoidal cells over- 
lying one another obliquely. Magnified 60 diam. (§ 97). 

Prate XITI.—Fig. 55. Large flat cells intervening between horny plates 
and nacreous layers of Haliotis splendens. Maguified 125 diam. (§ 98). 
—Fig. 56. Small cells of the nacre of the same shell, cut transversely 
at a, obliquely at 6, and showing their terminations on the surface at c. 
Magnified 450 diam. (§ 98).—Fig. 57. Section of one of the calcareous 
plates in the tendinous gizzard of Bulla, showing its cellular structure. 
The boundaries of the cells clearly defined at a; indistinct at 5. 
Magnified 200 diam. (§ 99).—Fig. 58. Section of middle layer of shell 
of Natica, showing its cellular structure. Magnified 125 diam. (§ 101). 
—Fig. 59. Section of dark outer layer of shell of Turbo pica, showing 
its cellular structure. Magnified 125 diam. (§ 101 ).—Fig. 60. Section of 
shelly operculum of Zurbo, showing the long prismatic cells, with well- 
(§ 101) transverse strie, of which it is composed. Magnified 125 diam. 

§ 101). 

PLATE XIV._Fig. 61. Section of the inner layer of the shell of Echinus 
lividus, showing the calcified areolar tissue of which it is composed ; 
a, a, portions of a second reticulation seen through the meshes of the 
first. Magnified 164 diam. (§ 107).—Fig. 62. Vertical section of the 
shell of Echinus, showing the existence of the reticulated structure 
throughout, but its coarser character in the internal layera. Magnified 
102 diam. (§ 107).—Fig. 63. Longitudinal section of a small part of a 
spine of Echinus, showing the open areolar structure (a) passing into 
a solid plate (4), which is marked by the junctions of the connecting 
pillars (c). Magnified 360 diam. (§ 107).—Fig. 64. Calcareous disc or 
skeleton of ambulacral tube of Echinus. Magnified 164 diam. (§ 111). 
—N.B. The figures in this Plate are taken from the illustrations tu Prof. 
Valentin’s Monograph on the Anatomy of the genus Echinus, in the 
series of ‘Monographies d’Echinodermes, Vivans et Fossiles,’ par L. 
Agassiz. 

PLare XV.—Fig. 65. Transverse section of spine of Echinus lucunter ; 
a, a, internal row of pillars; 5, 6, succeeding row; ¢, c, external row of 
pillars ; d, d, interrupted portion ; e,e, new layer covering it. Magni- 
fied 14 diam. (§ 112).—Fig. 66. More enlarged portion of the central 
part of the same spine, showing its loose areolar structure. Magnified 
150 diam. (§ 112).—Fig.67. More enlarged portion of the external part 
of the same spine, showing its closer texture and solid pillars. Magni- 
fied 150 diam. (§ 112). 

Pirate XVI.—Fig. 68. Transverse section of spine of Echinus trigonarius. 
Magnified 18 diam. (§112).—Fig. 69. Portion of the same section more 
enlarged. Magnified 150 diam. (§ '112). 

Prare XVII.—Fig. 70. Transverse section of a small spine of Echinus 
(species unknown ), showing a remarkably large proportion of solid cal- 
careous substance. Magnified 45 diam. (§ 112).—Fig. 71. Enlarged 
portion of the central part of the same section ; a, a, inner circle of solid 
pillars. Magnified 150 diam. (§112).—Fig. 72. Enlarged portion of 
outer part of the same section ; a, a, outer row of solid pillars; 0, 5, 
pillars of the row within the preceding. Magnified 150 diam. (§ 112). 

Prats XVILI.—Fig. 73. Portion of longitudinal section of spine of Echinus 
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atratus; a, central medulla of areolar structure ; 1, 1, pillars of first or 
innermost growth; 2, 2, pillars of second layer; d, extremity of first- 
formed spine; e, extremity of second layer; f, g, h, 4, extremities of 
third, fourth, fifth and sixth layers; 5, line of section across base ; 
kl, line of section across middie. Magnified 7 diam. (§ 112, 113).— 
Fig. 74. Portion of transverse section of stem of Pentacrinttes Briareus. 
Magnified 20 diam. (§ 120).—Fig. 75. Portion of transverse section of 
stem of Pentacrinites (species unknown). Magnified 25 diam. (§ 120). 

Puate X1X.—Fig. 76. Transverse section of stem of Pentacrinus 
Medusa. Magnified 15 diam. (§ 120).—Fig. 77. Portion of the external 
part of the same section more enlarged. Magnified 150 diam. (§ 120). 

PiatTe XX.—Fig. 78. Section of the superficial layer of the shell of , 
parallel to the surface, showing the reticulated appearance, and the pa- 
pillary elevations of the subjacent layer. Magnified 75 diam. (§ 127). 
—Fig. 79. Portion of the same section more enlarged, showing the 
polygonal cells of which the layer is composed. Magnified 400 diam. 
(§ 124).—Fig. 80. Portion of transverse section of claw of Crab, near its 
extremity, showing the fibrous appearance which passes in a radiating 
manner from one surface to the other; and the parallel lines indicative 
of successive growths. Magnified 50 diam. (§ 125).—Fig. 81. Portion 
of the same section more enlarged, showing that the fibrous appear- 
ance is given by radiating tubuli. ‘Magnified 400 diam. (§ 125). 


Report by the Rev. W. Wuewe tt, D.D. and Sir James C. Ross 
upon the recommendation of an Expedition for the purpose of com- 
pleting our knowledge of the Tides. 


Tue knowledge which we possess of the tides, looking at the connexion of 
the phenomena over the whole surface of the ocean, is extremely imperfect 
at present, and not at all likely to be completed in any material degree in 
any finite time, by the observations which voyages mainly directed to other 
objects will supply. The coasts and islands which surround or break the 
waters of the Pacific are especially the seats of this ignorance. We know 
the time of the tide near Cape Horn ; but cannot trace the progress of the 
tide-wave along the western coast of South and North America. We know 
the time of tide on the coasts of New Zealand ; but cannot connect this fact 
with the rise and fall of the water on the coasts of the smaller islands in the 
centre of the ocean. We know the tide hour on the eastern coast of New Hol- 
land ; but cannot trace the progress of the tide to the Philippines, or to the 
coast of China,—though some observations of Admiral Liitke made a few years 
ago supply a valuable addition to our knowledge on this subject. The course 
of the tide-wave among the islands of the Indian Sea is likewise unknown. 
Observations made by voyagers mainly guided by other purposes, appear 
little likely to supply this deficiency in our knowledge ; for even when made 
with sufficient care and for several weeks at detached places, they are rarely 
connected with each other or with neighbouring places. It does not appear 
that while we are thus left to depend on chance for our tidal knowledge, we 
shall ever be able to know from observation whether the tide-wave in the 
Pacific does or does not move from east to west. 

But a ship sent out on purpose to observe the tides would very soon ascer- 
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tain a great body of facts of this kind. The observers would, of course, 
observe the facts of the tides- in connexion with each other; and would 
arrange their plan of operation so as to extend their lines of connexion from 
known points to unknown. By such a mode of proceeding the cotidal lines 
for every part of the Pacific and Indian Oceans might probably be drawn 
(omitting the minor details in the interior of archipelagos, &c.) in a year, or 
at most, in two years. 

The tide observations made at the request of Dr. Whewell in 1834 for a 
fortnight by the coast-guard on the coasts of Great Britain and Ireland, prove 
how great an accession our tidal knowledge may receive from connected ob- 
servations ; and still more those made in June 1835 for a fortnight along the 
coasts of the whole of Europe and the eastern coast of the United States of 
North America. By means of these observations the general course of the 
tides in the seas thus explored has been determined. 

If an expedition were sent for the purpose of making tide observations, it 
would not be at all necessary to have, as in the instances just mentioned, 
simultaneous observations along the whole line of sea observed. It would 
suffice to connect a few places by corresponding observations, in some cases 
for a fortnight, in others for a few days; then, to connect one of these places 
with others, and thus to proceed through the whole region observed. 

It appears by the experience of the surveys which we have referred to, 
that the observations may be made by sailors such as those employed on the 
coast-guard, under proper directions. On those occasions the necessary appa- 
tatus was speedily constructed by the persons employed. It might however 
be useful also to employ, in several places, self-registering tide-gauges, such 
as are already established in several English ports. 

We conceive that the project contemplated by the Association in its recom- 
mendation is very desirable; and might best be attained by sending out a 
vessel which should have for the object of its voyage to make tide observa- 
tions upon such a connected system. For this purpose, the vessel ought to 
carry, in addition to a crew sufficient to work her, ten or fifteen men, who by 
themselves (in pairs), or under the direction of petty officers, might be trusted 
to make tide observations for a week or a fortnight at selected points of coast. 
The surveying vessel ought to be provided with a launch, to be employed in 
carrying these observers to their station, visiting them while engaged in their 
work, or fetching them away when their task at each place is done. From 
oie region to another of the ocean, standard stations ought to be selected, at 
which tide observations should be continued for a longer time, and the ob- 
servations made in each region should be compared with those at the standard 
station. The comparison of the observations with each other, as the survey 
proceeded, would point out the direction in which it was desirable to extend 
the survey, and the special points to be attended to. We therefore recom- 
mend that application be made to the Admiralty that they would appropriate 
to this service a suitable vessel. 
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On Colouring Matters. By Dr. Scuuncx. 


At the meeting of the British Association at Southampton I gave a short 
account of my experiments on the colouring matters of madder. I have 
continued this investigation, and have found the extent of the subject too 
great to allow me to devote my attention to any other of the colouring mat- 
ters. I shall therefore, without any further preface, state the new results 
which I have arrived at in regard to the chemical constituents of this root. 

On treating finely-ground madder roots with boiling water, a brown fiuid 
is obtained having a taste between bitter and sweet. In order to extract all 
the substances capable of solution in water, about sixteen quarts of water are 
required for every pound of madder. ‘To this fluid any. strong acid, such as 
sulphuric or muriatic acid, is added in slight excess. Nitric acid must not 
be used for the purpose. Oxalic acid is best adapted for the purpose, as it 
can afterwards be completely removed by chalk. The acid produces a dark 
brown precipitate, which is separated by filtration and washed with water 
until the excess of acid is removed. The percolating fluid is yellow. This 
brown precipitate consists of six vegetable substances, viz. two colouring 
matters, two kinds of fat, pectic acid and a substance of an intensely bitter 
taste, which J am as yet unable to refer to any known class of bodies. The 
whole quantity of colouring matter contained in the aqueous extract of mad- 
der is precipitated by the addition of a strong acid. In proof of this I took 
a quantity of the aqueous extract, added sulphuric acid, separated the brown 
precipitate by filtration and removed the excess of acid.with cold water, and 
then boiled it with water, into which a small piece of mordanted cloth was 
introduced. The cloth assumed the samé colours which it would have done 
with madder. To the fluid to which acid had been added I put chalk until 
all the acid was saturated, and I then found after filtering that it communi- 
cated no colour whatever to mordanted cloth. 

Of the two colouring matters, one is Robiquet's Alizarin, and the other I 
shall call Rubiacin. Both are contained in the brown precipitate produced 
by acids in the aqueous extract of madder. In order to obtain them, this 
brown precipitate is first treated with boiling alcohol until nothing more is 
diseolved. A dark brownish-purple, somewhat gelatinous mass is left behind, 
consisting principally of pectic acid. The alcoholic fluid, which contains 
the two colouring matters together with the fats, has a dark brownish-yellow 
colour. After being distilled and then evaporated to dryness, a residue 
of a dirty orange colour remains. This residue is placed on a filter and 
washed with cold water, until the percolating fluid, which is at first yellow, 
becomes colourless. On evaporation this fluid leaves a transparent yellow 
substance with a bitter taste, mentioned above. This substance is soluble in 
pure water, but insoluble in water containing acids, and hence it is precipi- 
tated on adding acid to the aqueous extract of madder; but on washing the 
precipitate with water, after the acid has been removed it begins to dissulve. 
In order to obtain it, therefore, the brown precipitate must only be washed so 
long as it still contains free acid. I shall call this substance Rudbian. The 
mass left undissolved by cold water is then treated with boiling water, and 
the fluid is filtered boiling hot. On cooling it deposits a quantity of red 
flocks, which consist of alizarin mixed with fat. This process must be re- 
peated until the boiling fluid deposits nothing more on cooling. If any 
rubian be still left in the mass on treating with boiling water, the filtration 
of the boiling fluid is very much impeded, and it is therefore advisable to 
remove this substance completely with cold water previously to treating with 
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hot water. The whole of the alizarin dissolved in the boiling water is de- 
posited on eooling, but mingled with fat, which probably accompanies it 
through the filter in a state of suspension produced by the heat of the boil- 
ing fluid. This fat disguises its properties very much, and has been the cause, 
in all previous investigations, of alizarin never having been obtained in a state 
of purity except through the agency of heat, which has always left it doubt- 
ful whether it existed in the plant as such, or was formed by the action of 
heat from some other substance. I hope to establish satisfactorily its exist- 
ence as a constituent of the madder root, and also the fact of its being a pure 
colouring matter, a circumstance which has likewise been doubted. In order 
to obtain it in a state of purity, the red flocks which are deposited by the boil. 
ing watery solution are separated by filtration and dissolved in boiling alco- 
hol. To the boiling solution, which has a brownish-yellow colour, hydrate 
of alumina is added, and the boiling is continued for some time. The aliza- 
rin combines with the alumina, forming a dark-red compound, while the fluid 
loses its colour. Fresh alumina is added, until no more colouring matter can 
be thereby separated. A great part of the fat remains dissolved in the alco- 
hol, while a part combines with the alumina. The coloured alumina is sepa- 
rated by filtration and washed with alcohol for some time. It is then treated 
with a weak boiling solution of caustic potash, which dissolves the excess of 
alumina and all the fat which may have combined with the alumina, but 
leaves the compound of alizarin and alumina undissolved, merely changing 
its colour from red to dark purple. This process is repeated several times, 
until the alkaline fluid is no longer red, but of a pure purple colour. The 
residue is treated with muriatic acid, which dissolves the alumina and leaves 
the alizarin behind in crystalline flocks of an orange colour, which are washed 
with water to remove the acid and then dissolved in alcohol. The alcoholic 
solution on evaporation gives shining, prismatic, orange-coloured crystals of 
alizarin, which may, if necessary, be purified by a second crystallization from 
alcohol. 

The mass left undissolved by boiling water consists of rubiacin and two 
distinct kinds of fat. I have only been able to discover one method of ex- 
tracting the rubiacin from this mixture. This method is founded on the 
solubility of rubiacin in perchloride and pervitrate of iron. It is immaterial 
whieh of these two salts be taken. Persulphate of iron would not answer 
the purpose. If the mixture of rubiacin with the two fats be treated with a 
somewhat concentrated boiling solution of perchloride or pernitrate of iron, a 
solution of a deep reddish-brown colour is obtained, while a brown residue 
Temains insoluble in an excess of the iron salt solution, and consisting of one 
of the two fats in combination with oxide of iron. The fluid is filtered, and 
on the addition to it of muriatic acid, a yellow flocculent precipitate is ob- 
tained, which is separated by filtration and washed until all the iron salt and 
the excess of acid are removed. This precipitate consists of rubiacin, the 
second of the two fats, and of a new body which I shall call rubtacte acid. 
The latter substance does not exist ready-formed in madder, but is produced 
by the action of the persalt of iron on rubiacin. This action consists in the 
rubiacin taking up a certain number of atoms of oxygen from the persalt 
of iron, and the acid which is thus formed combines with peroxide of iron, 
producing a compound soluble in water with a reddish-brown colour, and de- 
composable by any strong acid. Part of the rubiacin however escapes this 
action, and is precipitated together with the rubiacic acid and fat on the addi- 
tion of muriatic acid. The precipitate is treated with boiling alcohol, which 
dissolves the rubiacin and the fat, and leaves behind the rubiacic acid in the 
shape of a yellow powder. This process is repeated until nothing more is 
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dissolved by the alcohol. The boiling alcohol, after being filtered, deposits 
on cooling rubiacin in small shining yellow crystals, which must be purified 
by recrystallization. The fiuid has a yellowish-red colour. On evaporation 
it gives a quantity of an easily fusible dark reddish-brown fat, which by re- 
peated fusion in boiling water and agitation with the fluid while in a melted 
state, may be separated from the rubiacin which adheres to it. The rubiacic 
acid which is left by the boiling alcohol is treated with a weak boiling solu- 
tion of carbonate of potash, in which it dissolves with a dark brown colour. 
The solution after cooling and standing some time deposits a mass of brick- 
red needle-shaped crystals of rubiacate of potash, which are easily purified by 
recrystallization. By dissolving this salt in boiling water and adding any 
strong acid, rubiacic acid in a state of purity is precipitated as a bright lemon- 
yellow powder. The dark solution from which the rubiacate of potash has 
crystallized contains a quantity of the brown fat dissolved in the potash. 

The brown substance left undissolved by the perchloride or pernitrate of 
iron is, as I stated above, a compound of one of the two fats with oxide of 
iron. On being treated with muriatic acid the oxide of iron is dissolved, 
leaving behind the fat, which, after being washed with water, is dissolved 
in boiling alcohol. From this it is deposited on cooling as a light brown 
powder. 

I mentioned above that the residue which is left on treating the brown 
precipitate with boiling alcohol, consists principally of pectic acid. It is 
treated with boiling water until nothing more is dissolved. The solution, 
which has a light brown colour, and is somewhat mucilaginous, gives a brown, 
transparent substance, which easily separates in scales from the sides and 
bottom of the vessel. After treating the residue with water until nothing 
more is dissolved, there still remains a dark brown substance undissolved, 
which I suppose to be a compound of some of the preceding substances with 
oxide of iron, as it leaves a considerable quantity of ash, consisting of per- 
oxide of iron, on being burnt. 

To the aqueous extract of madder, in which the brown precipitate had 
been produced by oxalic acid, I added chalk until all the excess of acid was 
saturated, and after filtration I evaporated it. It left a dark brown syrup, 
which may be separated by means of alcohol into two substances. That 
which is dissolved seems to be grape-sugar, and that which is left bebind is 
a species of extractive matter, which agrees in its properties with ranthin, 
as described by Kuhlmann. It has a brown colour. During evaporation in 
contact with the air it deposits a brown substance or apothegma, like all ex- 
tractive matters. But it is distinguished from all other extractive matters 
which I know, by being converted into a green insoluble substance when its 
solution is boiled with dilute sulphuric or muriatic acid. I have not exa- 
mined it further, but I may mention that it is probably this body which exerts 
such a deleterious influence during the process of madder-dyeing, rendering 
the red and purple brown and unsightly. 

I shall now proceed to give a more detailed account of the properties of 
some of the substances, the methods of obtaining which I have just described. 

Akzarin.—It is necessary to state that the substance which I called aliza- 
rin in the paper read by me on this subject at the Southampton ineeting of 
the British Association, I now call rubiacin. I am of opinion that the sub- 
stance discovered by Robiquet, and called by him alizarin, does not agree in 
its properties with that which I call rubiacin; but after carefully comparing 
his account with the results obtained by myself, I have come to the conclu- 
sion that the substance to which I have applied the name of alizarin is iden- 
tical with his. 
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Alizarin has the following properties :—-When heated on platinum foil it 
melts and burns with a bright flame. When heated in a glass tube closed at 
one end it melts and gives yellow fumes, which condense on the colder parts 
of the glass, forming an oil, which soon congeals to a mass of orange-coloured 
crystals possessing a considerable lustre, which are unchanged alizarin. A 
carbonaceous residue is usually left in this case, but I have no doubt that by 
carefully heating it might be entirely volatilized. Alizarin is slightly soluble 
in boiling water. The solution has a yellow colour, but so small is the quan- 
tity dissolved, that the alkali or earth usually contained in filtering paper is 
sufficient to render the eolution pink, on being filtered to separate it from the 
excess of alizarin. Hence no doubt arises the statement found in books, that 
alizarin dissolves in water with a pink colour. The boiling solution deposits 
it on cooling in yellow crystalline flocks. It is soluble in boiling alcohol. 
The solution has a deep yellow colour and deposits nothing on cooling, but 
on evaporation the alizarin is left in long needle-shaped or prismatic orange- 
coloured orystals possessing a considerable lustre. The colour of the crystals 
very much resembles that of bichromate of potash. Concentrated sulphuric 
acid dissolves alizarin in the cold with a blood-red colour. It is precipitated 
from this solution by water in flocks of a dull orange colour. Dilute nitric 
acid decomposes it on boiling with an evolution of nitrous acid. If it is still 
mixed with fat, then the fat remains behind after the alizarin has been de- 
composed and dissolved by the nitric acid. It is not affected by muriatic or 
acetic acid. On passing chlorine into water in which alizarin is suspended, 
the colour of the latter is changed to yellow, but it is seemingly not destroyed. 
It is decomposed by bichromate of potash and sulphuric acid. A boiling 
solution of perchloride or pernitrate of iron decomposes it with a copious evo- 
lution. of gas, a pungent smell resembling that of aldehyde being at the same 
time given off. The product of this decomposition I shall describe presently. 
Chloride of gold is not reduced by it on boiling, but on the addition of cau- 
stic potash metallic gold is deposited in shining scales. It is soluble in caustic 
and carbonated alkalies with a splendid purple colour, and is reprecipitated 
by acids in flocks of a dull orange colour. The solution in ammonia gives 

with the chlorides of barium and calcium precipitates of a splendid purple 
' colour, with sugar ot lead a light purple precipitate. The compound with 
alumina, produced by introducing hydrate of alumina into an alcoholic solu- 
tion of alizarin, is not decomposed by a concentrated solution of caustic pot- 
ash, The alcoholic solution gives with acetate of iron a dark purple preci- 
pitate, with acetate of copper a light purple precipitate, with protochloride 
of tin no precipitate, except on the addition of ammonia, when a light red 
precipitate is produced. If alizarin and a piece of mordanted cloth be iatro- 
duced into boiling water and the boiling be continued for some time, the cloth 
becomes slowly dyed and the mordants assume the tints peculiar to the so- 
called madder colours. The alizarin slowly disappears in the same measure 
as the cloth becomes dyed, even though less water had been taken than was 
sufficient to dissolve the whole quantity. It is evident therefore that in the 
process of dyeing, the alizarin, which is dissolved in the firet instance by the 
boiling water, is taken up by the mordants of the cloth, that then a fresh 
quantity is dissolved by the water, which is again absorbed, and so on, until 
all the alizarin has combined with the cloth, or until the mordants can take 
up no more. Hence the slowness with which madder dyeing is effected. No 
donbt can remain then, I think, that alizarin plays a great part in the pro- 
duction of madder colours. That it does not produce the whole effect in 
dyeing with madder I shall show afterwards. 

The method of obtaining alizarin in a state of purity I have discovered so 
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lately, that J have not yet been able to ascertain its composition and atomic 
weight. 

izaric acid.— At one period of my investigation I imagined that alizarin 
and rubiacin might be separated by boiling the mixture with perchloride of 
iron, in which case I expected the rubijacin to dissolve in the solution of the 
iron salt and the alizarin to remain behind in combination with oxide of iron. 
I was not aware at that time that alizarin is decomposed by perchloride of 
iron. Before 1 had discovered this, however, I had taken about one hundred 
weight of madder, treated it with boiling water, added acid to the fluid, sepa- 
rated the brown precipitate by filtration, and treated the whole quantity of 
precipitate with perchloride of iron. The fluid was, after the addition of 
acid and filtration, evaporated toa syrup. After allowing the syrup to stand 
for some days, I found it filled with white crystals bearing a resemblance to 
oxalic acid. I added water to the syrup, filtered and washed until the per- 
chloride of iron was removed. I found that the crystals bore washing with 
cold water without dissolving in any considerable degree. I then dissolved 
them in hot caustic alkali, filtered to separate some oxide of iron which re- 
mained behind, and added sulphuric acid tu the fluid while still hot. On the 
fluid cooling there separated a quantity of long shining white crystals, which 
were separated by filtration and washed. I now found that they contained 
no oxalic acid, but that they bore a striking resemblance to benzoic acid. 
Indeed some of the reactions are the same as those of benzoic acid, and it 
was only after having submitted it to an elementary analysis that I became 
convinced that it was not benzoic acid. [ shall call it alizaric acid. It has 
the following properties :— 

Its taste is acid. When heated on platinum foil it melts and burns with a 
smoky flame, leaving no residue. When heated in a tube it is completely 
volatilized, without leaving the least residue. The vapours condense in the 
colder parts of the tube, forming long white needles. This sublimate differs 
however in composition from the acid itself, and I shall therefore call it pyro- 
alizaric acid. When heated in a tube with caustic lime it is decomposed and 
a yellow oil distils over, having a smell very nearly resembling that of benzin. 
It is soluble in boiling water; the solution bas an acid taste and reddens 
litmus paper. A concentrated boiling solution crystallizes on cooling. It 
is easily soluble in alcohol. Concentrated sulphuric acid dissolves it in the 
cold. On boiling the solution no blackening takes place, and the alizaric 
acid distils over and crystallizes on the cooler parts of the tube. It is easily 
soluble in alkalies. A concentrated alkaline solution gives crystals on the 
addition of a strong acid. The solution in ammonia gives no precipitates 
with the chlorides of barium and calcium. If to the solution in water chalk 
be added until all effervescence has ceased, the solution gives a crystallized 
lime salt on evaporation. This lime salt is decomposed on being strongly 
heated in a tube, becomes black, and gives an oil with an aromatic odour 
which on cooling crystallizes. The aqueous solution gives with perchloride 
of iron a yellowish-white precipitate, with sugar of lead a white precipitate, 
with nitrate of silver alone no precipitate, but on the addition of ammonia a 
white curdy precipitate, which after some time becomes crystalline. The re- 
action with sugar of lead distinguishes it from benzoic acid, which is not 
thereby precipitated. Its greater solubility in water and its acid taste are 
also distinguishing characteristics; but in most respects it will be seen that 
the resemblance between the two is very striking. It is very probable that 
this acid is also formed from alizarin by means of nitric acid, but the small 
quantity of pure alizarin hitherto at my disposal has prevented me’ from 
ascertaining whether this is the case. 
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From some analyses which I have made of this acid, I infer that its com- 
position is expressed by the formula C,,H,O., and that the formula for 
pyro-alizaric acid is C,, H, O,, in which case alizaric acid contains ope equi- 
valent of hydrogen less and three equivalents of oxygen more than benzoic 
acid, which is C,, H, O, : 

Rutiactn.—This is the substance which I called alizarin in the paper which 
I read on this subject last year. I have since discovered that it is not iden- 
tical with Robiquet’s alizarin, and have therefore given it a new name. 
Rubiacin is most easily obtained in a state of purity from rubiacic acid. 
Rubiacin and rubiacic acid are mutually convertible, as they only differ from 
one another by a certain number of atoms of oxygen. Rubiacin is converted 
into rubiacic acid by the action of the persalts of iron, and rubiacic acid may 
be reconverted into rubiacin by reducing agents, such as sulphuretted hydro- 
gen. In order then to obtain pure rubiacin, it is best to take a solution of 
pure rubiacate of potash, to which a slight excess of caustic potash has been 
added, and to pass sulphuretted hydrogen gas through the solution for some 
time. Chloride of barium is then added, which produces a dark purple pre- 
cipitate, consisting of rubiacin in combination with baryta. This is separated 
by filtration, and washed with cold water until the sulphuret of barium and 
hyposulphite of baryta are removed, and then decomposed with muriatic 
acid, which leaves the rubiacin behind. After being washed with water, it 
is dissolved in boiling alcohol, from which it crystallizes on the solution 
cooling. It is obtained by these means in beautiful yellow crystalline plates 
and needles, having a strong lustre. The colour is a little darker than that 
of neutral chromate of potash, and inclines more to green than to red. If 
there is a tinge of red in it, it is impure, and must be recrystallized. It has 
the following properties :— . 

It is a little soluble in boiling water, to which it communicates a reddish- 
yellow tinge. The solution deposits it on cooling in shining yellow scales. 
The alcoholic solution has a pure yellow colour, without a tinge of red. .It 
is precipitated from its alcoholic solution by water in yellow flocks. When 
heated on platinum foil it melts, and burns with a smoky flame, leaving no 
fixed residue. When heated in a tube closed at one end, it melts and gives 
yellow fumes, which condense in the colder parts of the tube in yellow cry- 
stals. If it be heated gradually at a moderate temperature, it may be almost 
entirely volatilized, leaving only a film of charcoal. Concentrated sulphuric . 
acid dissolves it with a yellow colour, and water precipitates it again in yellow 
flocks. The solution in sulphuric acid may be heated to the boiling-point 
without becoming in the least degree black, and water still precipitates it. 
Concentrated nitric acid slowly decomposes it on boiling with an evolution 
of nitrous acid. Dilute nitric acid dissolves it with a yellow colour on boiling, 
and on the solution cooling, it crystallizes out again in shining needles. It 
appears therefore that nitric acid does not convert it into rubiacic acid. 

iling acetic acid dissolves it and deposits it again on cooling in yellow 
flocks. It is not affected by chlorine. It dissolves in a concentrated solution 
of perchloride or pernitrate of iron, forming a dark brownish-red solution, 
which on the addition of acid becomes yellow, and deposits yellow flocks. 

ese flocks are no longer unchanged rubiacin, but rubiacic acid. It is a 
remarkable circumstance, that though rubiacic acid differs from rubiacin 
merely in containing a few atoms more oxygen, it is not formed from the 
latter by the action of nitric acid either dilute or concentrated, but is easily 
produced by the agency of the persalts of iron, which seems to indicate that 
something besides the influence of oxygen is brought into play during the 
Proceas, Rubiacin is soluble in carbonate of potash with a blood-red colour ; 
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the solution deposits after some time red flocks. It dissolves in caustic alkalies 
with a reddish-purple colour, and is reprecipitated by acids in yellow flocks. The 
solution in ammonia gives with the chlorides of calcium and barium dirty red 
precipitates. The alcoholic solution gives with an alcoholic solution of sugar 
of lead a dark red precipitate. If into the boiling alcoholic solution hydrate 
of alumina be introduced, the alumina acquires an orange colour, and the 
fluid is deprived of all its rubiacin. The compound with alumina thus formed 
dissolves entirely in caustic potash, forming a purple solution, a characteristic 
which distinguishes it from alizarin, the alumina compound of which, as 
mentioned above, is insoluble in caustic potash. 

The aqueous and alcoholic solutions of rubiacin communicate a slight tinge 
to mordanted cloth, the latter more than the former. It seems to be inca- 
pable itself of dyeing, but in conjunction with alizarin it assists in the process 
of madder-dyeing in a very essential manner, as I shall afterwards show. 

Rubiacic Acid.—I have before described the method of obtaining this 
acid through the instrumentality of the persalts of iron. There is no 
reason for supposing that it exists as such in the plant. It is doubtless a 
product of the oxidation of rubiacin. To obtain it in a state of purity, pure 
crystallized rubiacate of potash is dissolved in water, and muriatic acid or 
any strong acid is added, which precipitates the rubiacic acid in the shape of 
a yellow powder. It has a pure lemon-yellow colour. It cannot be obtained 
in a crystalline form. It is slightly soluble in boiling water, to which it im- 
parts a yellow colour. It is also slightly soluble in boiling alcohol with a 
yellow colour. The solution deposits nothing on cooling, but water produces 
in it an iridescent appearance, caused by the deposition of minute crystals. 
When heated on platinum foil it melts and burns with a bright flame, leaving 
no residue. When heated in a tube it melts, and gives fumes which condense 
on the colder parts of the tube to an oil which solidifies, but does not cry- 
stallize. Concentrated sulphuric acid dissolves it with a yellow colour, and 
water precipitates it again in yellow flocks. On heating the solution in sul- 
phuric acid it becomes darker, but no gas is given off; some decomposition 
seems however to have taken place in consequence of the heating, for water 
now produces no precipitate. Concentrated nitric acid dissolves it on boiling, 
and slowly decomposes it with an evolution of nitrous acid. It dissolves in a 
solution of perchloride of iron with a dark reddish-brown colour, and is re- 
precipitated by acids in yellow flocks. It is not affected by bichromate of 
potash and sulphuric acid even on boiling. 

The potash salt is the only salt of this acid which I have as yet been able 
to examine. It crystallizes from a hot concentrated solution in water in 
needles and prisma of a light brick-red colour. On being heated it is instantly 
decomposed, giving rise to a slight detonation. The aqueous solution has a 
blood-red colour, but is quite transparent. The addition to it of caustic 
potash causes it to assume a beautiful dark purple colour, and a concentrated 
boiling solution does not crystallize on cooling after the addition of caustic 
potash. The watery solution gives with solutions of the earthy and metallic 
aalts the following reactions. With chloride of calcium it gives an orange- 
coloured, crystalline precipitate; with chloride of barium a yellow precipi- 
tate; with sulphate of magnesia a yellow precipitate; with alum ap orange- 
coloured precipitate ; with protosulphate of iron a greenish-gray precipitate ; 
with perchloride of iron a slight reddish-brown precipitate, which is soluble 
in the boiling fluid; with sugar of lead a red precipitate; with sulphate of 
copper a dull red precipitate ; with nitrate of silver a vellow precipitate, which 
is not changed by boiling ; with protonitrate of mercury a yellow precipitate; 
with perchloride of mercury a crystalline, yellow precipitate; with proto- 
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chloride of tin a dirty yellow precipitate ; with perchloride of tin a light 
yellow precipitate; with chloride of gold a yellow precipitate, not changed 
by boiling the fluid. 

I have analysed rubiacin, rubiacic acid, and rubiacate of potash, and have 
obtained results which agree very well with one another. These analyses 
give for rubiacin the formula C,, H, O,,, for rubiacic acid C,, H, O,,, and 
for rubiacate of potash C,, H,O,, + KO. It therefore appears that rubiacic 
acid contains seven atoms of oxygen more than rubiacin, and the facility with 
which they may be converted one into the other is easily conceivable. In 
rubiacate of potash two atoms of water existing in rubiacic acid are replaced 
by one atom of potash, which is not usually the case with potash salts. 
I do not, however, consider these formule as completely established, since 
I was obliged, from want of material, to operate on such extremely small 
quantities. 

Rulbian-—This substance is obtained, as I mentioned above, by treating 
the brown precipitate produced by an acid in an extract of madder with 
cold water, after having removed the excess of acid. It has the following 
properties :— : 

In thin layers it is ‘perfectly transparent and of a yellow colour. When 
dry it is brittle. It is soluble in water; the solution has an extremely bitter 
taste. A concentrated boiling solution forms a jelly on cooling. It is pre- 
cipitated from its aqueous solution by all acids, in yellow flocks. It is de- 
composed by nitric acid. In the watery solution lime and baryta water 
produce red flocculent precipitates, perchloride of iron a dark reddish-brown 
colour, but no precipitate, sugar of lead a brown flocculent precipitate, nitrate 
of silver a flocculent precipitate, corrosive sublimate no precipitate, tincture 
of galls and solution of glue no precipitates. The solution imparts a slight 
tinge to mordanted cloth, but so slight that this substance cannot be con- 
sidered as a colouring matter. The solution deposits nothing during evapo- 
ration at all resembling apothem, and it therefore is not extractive matter. 
It dissolves in alcohol with a yellow colour, and in alkalies with a red colour. 
It dissolves in concentrated sulphuric acid with a red colour; the solution on 
being heated becomes black, and gives off sulphurous acid. When heated 
on platinum foil it melts, swells up immensely, and burns, leaving some ash. 
When heated in a tube it melts and gives yellow fumes, which condense and 
form a crystalline sublimate very much resembling rubiacin, so that I am 
induced to think that there is some relation subsisting between these two 
substances. 

Pectic Acid There can hardly be a doubt, I think, that that part of the 
brown precipitate which is insoluble in alcohol, but soluble in water, is pectic 
acid, as will be seen from its behaviour towards reagents, which is aa follows: 
—It is soluble in water; the solution has a light yellow colour, and reddens 
litmus paper slightly. In the watery solution acids produce white flocoulent 
precipitates, alcohol a gelatinous white precipitate, lime and baryta water 
thick gelatinous pink precipitates, common salt a flocculent precipitate, ni- 
trate of potash a flocculent precipitate, sugar of lead a gelatinous reddish pre- 
cipitate, sulphate of copper a gelatinous greenish precipitate, corrosive sub- 
limate no precipitate. On evaporating the watery solution, the substance 
separates on the surface of the fluid in the shape of a pellicle, and is left at 
last as a brownish extract, which may easily be detached from the sides of 
the yessel. In solutions of caustic and carbonated alkalies it first swells up, 
and on heating the fluid it dissolves with a light red colour, forming slimy 
fluids, from which it is precipitated by acids in flocks. Solutions of salts, 
even of alkaline salts, produce precipitates in the alkaline solutions. It is 
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decomposed by boiling concentrated nitric acid. When heated on platinam 
foil it burns without melting, leaving a considerable ash. It seems that the 
pectic acid from madder retains in combination with it-a portion of colouring 
matter, from which it cannot be separated. Hence the red colour with which 
it dissolves in alkalies. 

Concerning the two fats which I mentioned above as constituents of the 
brown precipitate, I have little to say. They also retain in combination a 
quantity of colouring matter, from which I have found it impossible to sepa- 
rate them. They are both soluble in alcohol, but one more so than the 
other. One of them dissolves with rubiacin in perchloride of iron, the other 
not. ‘The former is more easily fusible than the latter, but both melt below 
the temperature of boiling water. 

I shall conclude this paper with some practical deductions which I have 
made from the experiments detailed in the preceding. 

Few subjects connected with the arts have raised so much discussion as 
the nature of the process of madder-dyeing. -The investigation of Robiquet 
on this subject, instead of clearing it up, seemed only to add to its com- 
plexity. He considered his alizarin as the substance mainly concerned in 
the production of madder colours. This has been denied by others, though 
I think on insufficient grounds. A remarkable discovery in regard to madder- 
dyeing, was the fact that lime is very essential in this process. It was found 
that madder, if not grown on calcareous soil, is incapable of producing fast 
colours, but that if in this case chalk be added to the madder during dyeing, 
or if calcareous water be employed, the desired effect is produced. This 
again has given rise to endless discussions. It was found by Persoz that the 
minutest quantity of lime added to alizarin: impaired its colouring power 
during dyeing, and the effect of lime in madder-dyeing appeared to him an 
inexplicable mystery. I will not enter further into the disputes on this sub- 
ject, but shall state at once my own views. It seems to me that former in- 
vestigators have erred in supposing that madder contained only one colouring 
matter, whereas I think I have proved that there are two, perfectly distinct 
and definite, alizarin and rubiacin, which perform distinct functions during 
the process of dyeing. I have found, as I stated above, that of the two 
colouring matters, alizarin and rubiacin, the former is the only one that is 
capable of dyeing when in a free state, and further, that the brown precipi- 
tate produced by acids in a watery extract of madder contains the whole of 
these two colouring matters in a free state. If then a piece of mordanted 
cloth be dyed with this brown precipitate, after being freed from all excess of 
acid, the whole effect is produced by the alizarin contained in the brown 
precipitate. If, however, a small quantity of lime, chalk, soda, or any alka- 
line base, either caustic or carbonated, be added to the brown precipitate 
before dyeing, then its power of dyeing is very much increased. In order to 
prove this, I took six pieces of mordanted cloth, all of the same size. Nos. }, 
2 and 3, were mordanted in the usual way with acetate of alumina, and 
Nos. 4, 5 and 6 with acetate of iron. Nos. 1 and 4 were dyed with a certain 
quantity of the brown precipitate; Nos. 2 and 5 with the same quantity of 
the brown precipitate, to which, however, there had previously been added 
a very small quantity of lime water; Nos. 3 and 6, lastly, with the same quan- 
tity of brown precipitate, and a large excess of lime water. The dyeing was 
performed each time in the same vessel with the same quantity of water, and 
for the same length of time. Now I found at the conclusion that No. 2 
exhibited a far darker, fuller, and more brilliant shade of red than No. I, 
and No. 5 a much more intense purple colour than No. 4, whereas Nos. $ 
and 6 showed hardly any colour at all. Now I can offer only one explanation 
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of these differences. When a small quantity of lime is added to the brown 
precipitate, it combines exclusively with the rubiacin, or is transferred during 
the process of dyeing exclusively to the rubiacin. The first effect of the 
dyeing is the combination of the alizarin with the alumina and peroxide of 
iron of the mordants. These compounds then attract and combine with the 
lime compound of rubiacin contained in the fluid, by which means a greater 
intensity of colour is produced. I repeated this experiment with the pure 
colouring matters. I took two pieces of mordanted cloth of the same size, 
and dyed the one with pure alizarin, and the other with the same quantity of 
alizarin to which rubiacin combined with lime was added, and I found that 
the latter was much darker than the former. I therefore conclude that 
madder colours are always double compounds of alizarin, rubiacin, alumina, 
and an alkaline base, or of alizarin, rubiacin, peroxide of iron, and an alka- 
line base. 

It follows from this that the maximum of tinctorial power in madder is 
produced when the alizarin is in a free state, and the rubiacin is in combi- 
nation with lime or some alkaline base. If an excess of lime be added then 
the alizarin also combines with it, and is thus rendered incapable of attaching 
itself to the alumina and peroxide of iron of the mordants. A slight excess 
of lime exists in the root when grown on a calcareous soil; for if a quantity 
of madder which has dyed as much cloth as it is capable of doing and is 
seemingly quite exhausted of colouring matter, be treated with sulphuric acid, 
and the acid be carefully removed by washing, it is found that after being so 
treated it is capable of again dyeing almost as much mordanted cloth as it 
did before, a fact long known in practice. I may state in addition, that the 
colours produced by the brown precipitate to which a small quantity of lime 
has been added, resist the action of soap and acids, &c., to which all madder 
colours must be subjected in order to heighten them, much better than if no 
lime had been added. I therefore conclude, that though the possibility in 
general of dyeing with madder is due to alizarin, the solidity and brilliance 
of madder colours must be ascribed to rubiacin. 


Seventh Report of a Committee, consisting of H. E. SrricK Land, Esq., 
Prof. Dauseny, Prof. HEnsiow, and Prof. LinDLEY, appointed 
to continue their Experiments on the Vitality of Seeds. 


Trere has been this year a second sowing of the seeds collected in 1837 and 
in 1844, and in addition to these, ten kinds of new seeds gathered in 1846 
have been proved. These were the entire number available for the purpose, 
selected from a great quantity presented by Miss Molesworth, of Cobham, 
Surrey; the remainder consisted of kinds previously tested, or were not in 
sufficient quantities for general distribution or preservation, and according to 
her instructions were sown in the Oxford garden*. 


* With these seeds Miss Molesworth sent the results obtained by herself, after sowing a 
great number of seeds of various dates (from 1827 to 1845 inclusive), at Cobham Lodge in 
1846; by which it appears that none of greater age than those gathered in 1834 vegetated, 
and of this date one kind only, viz. the Stone Pine, three seeds of which came up about thirty 
days after they were sown. The remaining kinds which vegetated were as follows :—a spe- 
cies of Malva, a Euphorbia, and Galega sibirica, gathered in 1836; Tomates, of 1837; Lupi- 
aus hireutus, of 1842; Dianthus chinensis, of 1843: Mesembryanthemum pomeridianum, 
Lupinus Cruikshanksii, Nolana paradozxa, Helichrysum repandum, Amaranthus speciosus, 
Datura Tatula, Medicago pentacycla, and Dianthus superbus, of 1844, and several of 1845, 
the whole of which came up. 

Amongst those of uncertain date (from 1833 to 1842, the seeds collected in those years 
having been mixed) a few seeds of Celosia cristata, yellow, Lathyrus sylvestris, Malva diver- 
siloba, Calendula stellata, Onopordon acanthium, Sisyrinchium laxum, Scrophularia peregrina, 
aris armeria came up. 

847. L 
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Professor Balfour has also contributed twenty-nine kinds of seeds of various 
dates, in small quantities, and which have consequently been sown only at 


Oxford. 


The sowing of the seeds has been performed under similar circumstances 


to those detailed in the Report for 1846. 
The results are registered in the following Table :— 


Name and Date when gathered. Raked Remarks. 
- Chis-| Ox- | _. Chis- 
ford, | Hitchama.| Stet | ford. | Hiteham.| wet, 
1837. 
1. Geum, sp. .....cccccesseesseees| BOO |....00] 00 ceccece | GD [ecccee| coccesece 56 
2. Allium fragrans ......ccccccss: 150 |..cccel coccccees D |ocvese 56 
3. Conium maculatum ....000¢2] 150 |....00] ccccccces feccrccfecsacs 
4. Clarkia elegans .......0..... oof GOO |......} cocccccce | L feaveee| cocsccoee | 56 
5. Gnothera, sp........000 secsees 600 }......]. soeecece L |... 000] coocenees 56 
6. Lupinus grandifolius ceessnoee 100 |...... | ie eee eee 10 
7. Camassia esculenta ......... 100 |......] ... ceeeee L Joscccel ceccvecee 56 
8. Oxyura chrysanthemoides...| 765 |......|.... L feccveo| soccesces 56 
9. Godetia lepida = ..........s000 250 
10. Calandrinia grandiflora ...... 200 
11. Chryseis crocea .........-0se0 100 
12. Delphinium flexuosum ...... 200 
13. Lupinus lucidus............... 50 
14. Lupinus rivularis ......... coe} 25 
15. Papaver orientale COS CRS EET OBOE coccae locoeces CUSeeeece Pa seaneleegcae! ceqaengns jesceer Bad. 
16. Daucus Carota ......ese.esse0| 300 
1844. 
17. Alstroemeria aurantia ......| 100 
18. Bryonia dioica ......... vaeees TOO forsee] cccccecce | BD fececse] covcscene | 26 
19. Helleborus fetidus ......... 150 
20. Vesicaria grandiflora ........., 150 
21. Ammobium alatum ......... 200 | 1 | cccscceee [eee 43 
22. Asparagus officinalis ......... 150 | 5 20 | 72) 43 21 | 89 
23. Argemone alba ..........00 «| 100 | 73 22 64| 43 21 | 89 
24. Carthamus tinctorius......... 100} 7 7 | 30| 10 7 | 89 
25. Carum Carui .........cccccee oof 200 |B | oo... cc Jenene 43 
26, Catananche cerulea ......... 200 | 41 16 |} 37; 12 25 | 56 
27. Crambe maritima .......... ee] 100 }...... ] 7 31 | 89 
28. Chenopodium Botrys......... +| 200 
29. Eschscholtzia californica ...| 200 | 28 59 | 37) 14 & | 27 
30, Linaria Prezii.......... cvcseess| 2OO |...... ecccceocs | L[occcee] csceesecs | OG 
31. Malva mauritiana .........00: 200 {100 48 {133/ 3 3 | 34 
32. Madia splendens ............ 200 
83. Scorzonera hispanics......... 200 | 3 14 | 15) 14 8 | 15 ant 
34. Solanum ovigerum eheoanes eee Boeccsee fesecsel caoseusesé eos eoecel « esee feosece (ee. 
35. Sium Sisarum § .........4:. eee} 200 
36. Sanvitalia procumbens . weeeee 
37. Saponaria annua ............ 150 } 12 20 6 14 21 | 89 
38. Tragopogon porrifolium ...j 200 | 43 12 | 83) 8 8 | 89 
From Miss Molesworth :— 
1846. 
39. Anemone coronaria ......... 100 | 20 1§ 11 | 30 32 | 20 
40, Arnopogon Dalechampii ...| 50 | 17 21 | 39] 8 7 | 89 
41. Betonica hirsuta ............ 100 [......[ ....cecc D | rccacel vecceces .| 56 
42. Bunias orientalis ............ 50 | 23 19 {| 41] 18 23 | 56 
43. Feniculum dulce ..........0. 100 | 63 52 | 77| 8 10 | 89 
44. Psoralea betuminosa ....... | 507; 16 9 29; 4 6 | 89 
45. Ranunculus caucasicus ...... 100 |......]. eoesseve ee eee 20 
46, Rhagadiolus stellatus......... 50 | 15 2 3| 7 6 | 56 
47. Thalictrum minus .........0 .| 100 | 20 26 | 16; 18 19 | 56 
48. Veronica peregrina .........| 100 [......] ....ssees svecee| cacacees 
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From Professor Balfour :— 


Name and Date. 


! Aboat 1807, 
‘: 49. Trichosanthes palmata 
50. Bryonia, sp........,..c00+ 


55. Pterostylis Wightii ... 
1838. 


56. Alsophila procera ...... 
, 97. Capparis horrida ...... 
58. Muraltia acutifolia......) 80) | || 74. Arabis petreea..........0 
1839. . Canna indica ............ 22; 8 
59. Briedelia, sp. ............ . Iris foetidissima ......... 154 
60. Guazuma tomentosa ... . Oxytropis campestris...| 60 


1843. 
. Xanthoxylon fraxineum| 41 
1844, 


SGevsaceeus 


. Asclepias phytolaccoi- 

des 86 
. Asclepias verticillata ...| 73 
. Cornus sericea 51 


61. 
62. 


On the Turbine or Horizontal Water-Wheel of France and Germany. 
By Josren Giynn, F.R.S., M. Inst. C.E. &c. 


At the meeting of the British Association in Glasgow, in 1840, Professor 
Gordon brought the subject of the Turbine before the Mechanical Section; 
he had seen it in use on the Continent, and the account he gave of its utility 
and value induced the Section to recommend the appointment of a com- 
mittee, consisting of Professor Gordon, Mr. Smith of Deanston, and Mr. 
Fairbairn of Manchester, to inquire and report to the Association the merits 
and defects of this machine, and the difference between the power and effect 
of the water-fall applied to it. 

No grant of money was asked for, and no report has been made. Indeed, 
tohave obtained the requisite facts and materials for such a report, a Journey 
to France and Germany would have been necessary, as there have been no 
machines of this kind yet erected in England; nor was there until recently 
any work in the English language treating upon them, although there were 
several both in French and German. ; 

Lately, however, Sir Robert Kane, whose excellent book on the indus- 
trial resources of Ireland is so well known, has translated from the German 
of Moritz Ruhlmann a work on horizontal water-wheels, turbines, or whirl- 
Wheels, which is rendered valuable to practical men by Professor Kane’s 
Notes and observations. 

In order that the subject of this paper may be better elucidated and 
traced from its first elements, it may be proper to notice the philosophical 
toy which figures in many works on hydrostatics and hydraulics as Dr. 
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Barker's mill, but has by most persons been passed over as a mere play- 
thing, useless for practical purposes; it involves however principles of 
action, which, if well and scientifically carried out, will lead to most im- 
portant results. 


Dr. Barker’s mill consists of an upright pipe or tube, with a funnel-shaped 
open top, but closed at the lower end; and from the lower end project two 
horizontal pipes or arms, also closed at the outer ends and placed opposite 
to each other, at right angles with the vertical tube, so as to form a cross. 
Near to the end of each horizontal pipe, and on one side of it, is a round 
hole, the two holes being opposite to each other. The upright pipe is 
mounted upon au axis or spindle, and it is kept full of water flowing into 
the top. 

The water issuing from the holes on opposite sides of the horizontal arms 
causes the machine to revolve rapidly on its axis, with a velocity nearly 
equal to that of the effluent water, and with a force proportionate to the 
hydrostatic pressure given by the vertical column, and to the area of the 
apertures; for there is no solid surface at the hole on which the lateral 
pressure can be exerted, while it acts with its full force on the opposite side 
of the arm. (See the figure.) 

This unbalanced pressure, according to Dr. Robison, is equal to the weight 
of a column, having the orifice for its base, and twice the depth under the 
surface of the water in the trunk for its height. 

This measure of the height may seem odd, because if the orifice were 
shut, the pressure on it is the weight of a column reaching from the surface. 
But when it is open the water issues with nearly the velocity acquired by 
falling from the surface, and the quantity of motion produced is that of a 
column of twice this length moving with this velocity. This is actually pro- 
duced by the pressure of the fluid, and must therefore be accompanied by 
an equal reaction. 

When the machine, constructed exactly as before described, moves round, 
the water which issues descends in the vertical trunk, and then moving along 
the horizontal arms partakes of the circular motion. 

This excites a centrifugal force, which is exerted against the ends of the 
arms by the intervention of the fluid. 

The whole fluid is subjected to this pressure, increasing for every section 
across the arm in the proportion of its distance from the axis; and every 
particle is pressed, with the accumulated centrifugal forces, of al] the sections 
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that are nearer to the axis; every section therefore sustains an actual pres- 
sure proportional to the square of its distance from the axis. 

This increases the velocity of efflux, and this increases the velocity of 
revolution; and this mutual co-operation would seem to terminate in an 
infimte velocity of both motions. But, on the other hand, this circular 
motion must be given anew to every particle of water as it enters the hori- 
zontal arm. This can only be done by the motion already in the arm and 
at itsexpense. Thus there must be a velocity which cannot be overpassed 
even by an unloaded machine. But it is also plain that, by making the hori- 
zontal arms very capacious, the motion of the water to the jet may be made 
very slow, and much of this diminution of circular motion prevented. 

Dr. Desaguliers, Euler, John Bernoulli and M. Mathon de la Cour, have 
treated of this machine, and the latter author proposes to bring down a large 
pipe from an elevated reservoir; to bend the lower part of it upwards, and 
to introduce into it a short pipe with two arms, like Dr. Barker’s mill re- 
versed, and revolving on an upright spindle in the same manner; the joint 
of the two pipes being so contrived as to admit of a free circular motion 
without much loss of water. By this arrangement a fall or column of any 
height, however great, may be rendered available. This arrangement was 
proposed in 1775. 

Some few years ago Mr. James Whitelaw of Paisley attempted the im- 
provement of this machine, and took a patent for his improvements, of 
which he published an account in 1845. These seem to consist chiefly of 
the modifications recommended by Dr. Robison and M. Mathon de la Cour, 
and of the bending of the two horizontal hollow arms into the form of’ the 
capital letter S; the water being discharged from the ends of the arms in 
the direction of the circle traced by their revolution, or in that of a tangent 
to it; the capacity of the arms increasing as they approach the centre of 
rotation, so as to contain a quantity of water at every section of the arm 
inversely proportionate to its velocity at that section, so that little of the 
centrifugal force may be lost. The annexed figures show an elevation, 
plan and section of Mr. Whitelaw’s machine, and the method he proposes 
for forming the arms. The curvature is that of an Archimedean spiral, with 
the extremity of the arm or jet-piece continued for a short distance in a cir- 
cular curve, coincident with the circle described by the end of the arm. 
The utility of this continuation however seems to be questionable. 

The sections of the arms are everywhere parallelograms of equal depth, 
but of breadth increasing from the jet at the extremity of the arm to the 
centre of the machine. 

A model] water-mill of the form shown in these figures, working with a 
fall of ten feet, the diameter of the circle described by the arms being fifteen 
inches, and the aperture of each jet 2°4 inches in depth by °6 of an inch in 
width, the area of each orifice being 1°44 inches; the expenditure of water 
was thirty-eight cubic feet, the velocity 387 revolutions per minute, and it 
gave an effect equal to 78°6 per cent. of the power employed. 

‘Mr. Whitelaw states that the machine is most effective when the jets or 
ends of the arms revolve with a velocity equal to that acquired by a heavy 
body falling through the height of the vertical column. 

The model used in this instance was well-made, and the experiments 
carefully conducted, but Mr. Whitelaw states that he has obtained nearly 
equal results in actual practice on the large scale. 

It will be observed that in the employment of a column of water of con- 
siderable altitude, a great force will be exerted against the moving part of 
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the machine, tending to lift it from its seat; it has therefore been proposed 
by M. Redtenbacher, Professor of Mechanics at Carlsruhe, to obviate this 
inconvenience, when high falls are used, by making the axis horizontal, and 
fixing upon it two machines, introducing the water between them by means 
of a pipe formed like the letter T ; so that equal pressures acting in oppo- 
site directions may balance and neutralize each other. 

The axis or spindle connecting the two machines, and passing through 
the transverse pipe, is kept in a state of tension by the diverging forces. 
(See the figure.) 


Sectional Plan of a Double Mill; the opposite forces counteract and 
neutralise each other. 


The writer of this paper received the first account of the Turbine about 
fifteen years ago, when he was favoured with a visit of some days from Pro- 
fessor Wedding of Berlin, who described a turbine then recently erected 
under his own direction, the dimensions and a sketch of which he also gave. 

He could not recollect the quantity of water expended, although he stated 
the useful effect to be 92 per cent. of the power employed. Mr. Glynn 
could not reconcile this part of the Professor's statement, which appears to 
have been made on a few imperfect trials, with his own experience in the 
use of water-power, for he had erected many water-wheels made entirely 
of iron, the performance of which was highly satisfactory, and was well-ac- 
quainted with many erected by others, consequently he knew that the high- 
est effect had not exceeded 80 per cent., and that two-thirds of the power 
expended was as much as could practically be reckoned upon. The dimen- 
sions of the machine then given by Professor Wedding were as follows :— 
the fall or rather head of water was twenty feet, the diameter of the wheel 
three feet eight inches, the speed 115 revolutions per minute, and the power 
equal to forty-two horses, which drives eight pairs of ordinary mill-stones 
with all the requisite dressing machinery. 

We want only two facts to make this statement complete, namely, the 
quantity of water expended, and the quantity of corn actually ground in a 
given time. 

Professor Wedding afterwards sent Mr. Glynn, from Berlin, a treatise 
which he had written in conjunction with M. Carliczeck on this subject, 
wherein several other similar machines are described, and the useful effect 
of the water is given at from 68 to 80 per cent.; which further experience 
on their part corresponds more nearly with our own practice in the use of 
water-power. 

It will be seen that the great value of the Turbine consists in its being 
applicable to falls of water so high or so low, that an ordinary water-wheel 
cannot be used; and also, that in falls of great height, (the velocity of the 
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machine being so rapid) when applied to spinning machinery, it needs no 
mill work, or but very little, to bring it to the requisite speed. 

The invention of the Turbine belongs to M. Fourneyron, and in its pre- 
sent form it consists of a horizontal water-wheel, in the centre of which the 
water enters: diverging from the centre in every direction, it enters all the 
buckets at once, and escapes at the circumference or external periphery of 
the wheel. The water acts on the buckets of the revolving wheel with a 
pressure in proportion to the vertical column or height of the fall; and it is 
led or directed into these buckets by stationary guide curves, placed upon 
and secured to a fixed platform within the circle of the revolving part of the 
machine. ‘ 

The efflux of the water is regulated by a hollow cylindrical sluice, to 
which a number of stops, acting simultaneously between the guide curves, 
are 

With this short cylinder or hoop they are all raised or lowered together, 
by means of screws communicating with a regulator or governor, so that 
the opening of the sluice and stops may be increased or diminished in pro- 

portion as the velocity of the wheel may require to be accelerated or re- 
tarded. 

This cylindrical sluice alone might serve to regulate the efflux of the 
water, but the stops serve to steady and support the guide curves, and pre- 
vent tremor. 

Turbines may be considered as divided into two classes, the low pres- 
sure and the high pressure. The Plates will better explain the con- 
struction of these machines and the arrangement of their parts, than a longer 
verbal description. 

M. Fourneyron began his experiments in 1828, and in 1827 he erected 
his first Turbine at Pont sur l’Ognon in France. The result far exceeded 
his expectations, but he had much prejudice to contend with ; and it was not 
until 1884 that he constructed another, in Franche-Comté, at the iron-works 
of M. Caron, to blow a furnace. It was of seven or eight horses’ power, 
aod worked at times with a fall of only nine inches. Its performance was 
so satisfactory, that the same proprietor had afterwards another of fifty 
horses’ power erected, to replace two water-wheels, which together were 
equal to thirty horses’ power. 

The fall of water was four feet three inches, and the useful effect varied 
with the head and the immersion of the Turbine from 65 to 80 per cent. 

Several others were now erected; two for falls of seven feet, one at Inval 
near Gisors, for a fall of six feet six inches, the power being nearly forty 
horses, on the river Epté, expending thirty-five cubic feet of water per 
second; the useful effect being 71 per cent. of the force employed. 

One with a fall of sixty-three feet gave 75 per cent.; and when it had the 
full height of column for which it was constructed, namely, seventy-nine 
a its useful effect is said to have reached 87 per cent. of the power ex- 

ed. 

Another with 126 feet fall gave 81 per cent., and one with 144 feet fall 
gave 80 per cent, 

At the instance of M. Arago, a commission of inquiry was instituted by 
the government of France, and examined the Turbine of Inval near Paris, 
the total fall of water being six feet six inches, as has been before men- 
tioned. By putting a dam in the river, below the Turbine, so as to raise 
the tail-water and diminish the head to three feet nine inches, the effect was 
still equal to 70 per cent.; with the head diminished to two feet the effect 
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was 64 per cent.; and when the head was reduced to ten inches it gave 58 
per cent. of the power expended, notwithstanding the great immersion of 
the machine. | 

In the year 1837 M. Fourneyron erected a Turbine at St. Blasier (St. 
Blaise), in the Black Forest of Baden, for a fall or column of water of 
seventy-two feet (twenty-two metres). The wheel is made of cast-iron with 
wrought-iron buckets; it is about twenty inches in diameter, and weighs 
about 105 pounds; it is said to be equal to fifty-six horses’ power, and to 
give a useful effect equal to 70 or 75 per cent. of the water-power em- 
ployed. It drives a spinning-mill belonging to M.d’Eichtal. A second 
Turbine at the same establishment is worked by a column of water of 108 
metres or 354 feet high, which is brought into the machine by cast-iron 
pipes of eighteen inches diameter of the Jocal measure, or about 164 inches 
English. The diameter of the water-wheel is 141, or about thirteen inches 
English, and it is said to expend a cubic foot of water per second ; proba- 
bly the expenditure may be somewhat more than this. The width of the 
water-wheel across the face is °225, or less than a quarter of aninch. It 
makes from 2200 to 2300 revolutions per minute; and on the end of the 
spindle or upright shaft of the Turbine is a bevelled pinion of nineteen teeth 
working into two wheels on the right and left, each of which has 300 teeth; 
these give motion to the machinery of the factory, and drive 8000 water 
spindles, roving frames, carding engines, cleansers, and other accessories. 
The useful effect is reported to be from 80 to 85 per cent. of the theoreti- 
cal water-power. The water is filtered at the reservoir before it enters the 
conduit pipes; and it is important to notice this, since the apertures of dis 
charge in the water-wheel are so small as to be easily obstructed or choked. 

The water enters the buckets in the direction of the tangent to the last 
element of the guide curves, which is a tangent to the first element of the 
curved buckets. The water ought to press steadily against the curved 
buckets, entering them without shock or impulse, and quitting them with- 
out velocity, in order to obtain the greatest useful effect, otherwise a portion 
of the water’s power must be wasted or expended without producing useful 
effect on the wheel. The Plates show a section of this Turbine, and a 
quadrant of its water-wheel of the natural or full size. 

It is difficult to imagine that a machine so small as this can give motion 
to the works of a cotton mill on so large a scale: Professor Ruhlmann says, 
that when he saw it actually doing so, he could not for some time credit the 
evidence of his senses ; and although he went on purpose to examine it, his 
astonishment prevented him from comprehending, in the first instance, that 
the fact was really as it appeared. 

The general application of the steam-engine as the moving power for 
machinery, has to a great extent superseded the use of water-power, and 
caused it to be too much neglected in England. There are many places, 
especially in hilly districts, where high falls of water are found, and where 
the nature of the ground affords facilities for making reservoirs, so as to 
ensure a constant supply, where the height of the column of water may 
compensate for the smallness of its volume. In such situations the High 
Pressure Turbine may be applied with advantage for grinding corn, work- 
ing threshing machines, or for crushing ore and other purposes. 

There are other situations in which a great volume of water rolls with 
but little fall; and it has been shown that with a head of only nine inches, 
the Low Pressure Turbine has done good service. 

There is also another application of water-power which bas been much 
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studied in Germany, and has been too much neglected in England, the 
Reciprocating Water Pressure Engine. 

A very powerful machine of this kind was lately made under the direc- 
tion of the writer, whilst acting as engineer-in-chief to the Butterley Com- 
pany, by order of our respected treasurer Mr. John Taylor, and erected by 
Mr. Darlington at the Alport mines, near Bakewell, Derbyshire. 

A beautiful model of this engine was made by Mr. Jordan, and is depo- 
sited in the Museum of C&conomic Geology; but no description of it has 
yet been published, and it is a subject well-worthy the attention of the 
British Association. 


ILLUSTRATIONS. 


The drawings show an elevation and plan of Dr. Barker’s mill. (See 
wood-cut. ) 


Plate XXI.—An elevation, plan and section of Mr. Whitelaw’s mill, and a 
diagram showing the mode of forming the spiral curvature of the arms: 
the section shows a loose collar pressed upward against the revolving part 
of the machine by three bow springs fixed between the flanches ; the collar 
is prevented from revolving by a steady pin, and the parts in contact are 
ground together to be water-tight. 

The double mill proposed by Professor Redtenbacher is also shown as a 
sectional plan. 


Method of striking the spiral curves to form the arms. 


Plate XXII. shows a sectional elevation of a Low Pressure Turbine, with 
one of the three screws for raising and lowering the circular sluice. The 
screws are connected and act together by means of toothed wheels. 

Also a plan of the water-wheel, the guide curves, and a portion of the 
circular sluice; and to a larger scale a section of the water-wheel, showing 
the mode of fixing the curved buckets, which are made of thin plate iron, 
and are screwed against loose blocks or pieces of cast-iron, and these are 
secured by means of screw bolts within the rim of the water-wheel. 


Plate XXIII. is a section of the Turbine of St. Blasier ; the body of the 
machine is of cast Jron, the wheel is of hammered iron, and the spindle or 
axis of steel. . 

The foot of the spindle, and the pivot and step on which it revolves, are 
tempered to extreme hardness. The oil-pipe at the foot of the pivot is 
connected with a small force pump or syringe, which, at regular intervals, 
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injects a little oil into the step for lubrication; the pump is worked bya 
slow motion from the machinery. 

In all cases it is necessary that the foot of the spindle shall be made hol- 
low, and run upon a fixed pivot. The spindle must never run in a hollow 
step. The pivot should be quite cylindrical, and it should truly fit the 
spindle, with as little play as possible; the top of the pivot should be but 
very slightly convex. The water and mud must be carefully excluded, 
and the parts regularly oiled. 


Plate XXIV. shows a quadrant or fourth part of the wheel, with the guide 
curves, and the sluice or regulator of the Turbine of St. Blasier, of the 
natural or full size of the machine itself; the bent arrow shows the direction 
in which the wheel revolves. 


On the present state and recent progress of Ethnographical Philology. 
By R. G. Latruaam, M.D.* 


Part ].—AFRICA. 


Tue author has found it necessary to divide his Report upon the present 
state and recent progress of Ethnographical Philology into separate parts ; 
a process which the nature of the subject renders easy and convenient. 

By the term Languages of Africa are meant the languages of continental 
Africa and the Canary Isles. The island of Madagascar is excluded ; it 
being a well-known fact that the philological affinities of the dialects there 
spoken are with the Malay languages of Malacca, the Moluccas, and Polyne- 
sia: so that for philological purposes Madagascar is a part of Polynesia. 

Furthermore, it should be remarked that no cognizance will be taken of the 
different Moorish dialects, spoken in northern and eastern Africa, and be- 
lieved to have been introduced since the time of Mahomet; it being considered 
that these are only African in the way that the English of the Cape, or the 
Portuguese of Angola is African, ¢. e. that they are languages introduced 
within the historical period, and not the indigenous tongues of the country. 
Hence all forms of the modern Arabic of Arabia, and, @ fortior?, all forms of 
the Turkish of Turkey are omitted. On the other hand, the Arabic elements 
of the languages of Abyssinia, although they will not be investigated in the 

resent paper, are proper objects of consideration, inasmuch as they are re- 
ferable to a period anterior to history, and bear upon the theory of the original 
population of the continent. 

In asubject like the present, capable of being thrown into as many natural 
divisions as there are quarters of the world; a subject, moreover, whereof the 
several portions have been studied with the most different degrees of attention ; 
the term recent progress has by no means a uniform signification. It differs 
with the group of languages to which it is applied. A year’s research in some 


* A few days before the following pages were put into the hands of the printer, I met with 
the new and revised edition of Vater’s Litéeratur der Grammatiken, &c., by B. Jiilg (Berlin, 
1847). Tke bibliographical notices, which I was thus enabled to add to those previously enu- 
merated by myself, are each marked Jiilg. To the majority of these I have not had time or 
opportunity to refer; so that it is possible that they may not all contain either first-hand data, 
or vocabularies different from some previously mentioned. The general character of Dr. Jalg's 
work is that it is minute and exhaustive. Of the more important materials for African philo- 
logy he has omitted only two, Crowther’s Yarriba Vocabulary, and Dr. Beke’s Abyssinian 


Vocabularies. 
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departments has done more than ten years’ work in others: so that the philo- 
logical progress is sometimes rapid ; whilst, at times, there has been no pro- 
gress at all. With this view I allow myself the following amount of latitude. 
I take the date of the last standard system of researches in each particular 
class of languages, and, dealing with this as the exhibition of the current 
doctrines concerning the division in question, consider all that has been done 
since to constitute the recent progress in that particular department. Thus, 
whilst I date the recent progress of one language from a period of only five 
or six years, I go back, for another, to one of ten, fifteen, twenty, or five- 
and-twenty. 

Perhaps I might have avoided this apparent inconsistency, and have calcue 
lated the recent progress in al/ departments of ethnographical philology from 
one fixed period, by taking a work so accurate, so comprehensive, and so 
systematic, as Dr. Prichard’s Physical History of Mankind, and by making 
it the basis of my reckoning. Had my choice been determined by the 
merits of the work, this would certainly have been the case. Nevertheless, 
my reason against doing so was conclusive—Dr. Prichard’s classification 
is founded upon a mixture of the philological and physiological characters of 
ourrace; and, although ethnographical, is not ‘ohilologically ethnographical : 
at least, not exclusively so. 

The recent progress of African ethnographical philology is best calculated 
from the year 1817. In that year was published the fourth volume of the 
Mithridates, completing the work, and containing the views of Vater upon 
the facts and classifications of Adelung. The volume by Adelung himself, 
in which Africa was contained, was given to the world five years previously, 
te. in 1812. 

When we consider the great amount of geographical knowledge which has 
accumulated within the last thirty years, we take a measure of the philological 
discoveries as well: since the progress of the two studies, naturally, coincide. 
When Adelung and Vater wrote the great inland countries of Bornu and 
Howssa were unexplored ; the Ashantee country was known only by name; 
Bruce was almost the only authority for Abyssinia ; Burckhardt’s work on 
Nubia was unpublished ; whilst the languages of Zanzibar and Mozambique 
were known only through a few fragmentary vocabularies. On the other 
hand, most of the leading facts, such as the great geographical extent of the 
Berber and Caffre languages, the peculiarities of the Caffre grammar, and the 
Arabic affinities of the languages of /Ethiopia make part and parcel of the 
information contained in the Mithridates. The chief work published between 
1812 and 1817 was the Abyssinia of Salt. In most other points Vater's 
materials were the same as Adelung’s. 

In respect to the principle of his classification, Adelung’s views were both 
sound and safe. He never aimed at any thing prematurely general. Lan- 
guages whereof the mutual affinities lay on the surface were placed in the 
same groups. Nothing, however, equivalent to the higher divisions denoted 
by such names as Indo-European, Semitic, &c. was attempted. This absti- 
nence from generalization was nothing more than what the scanty character 
of our knowledge imperatively demanded. 

In 1826 were published the Atlas Ethnologique, and the Introduction a 
'Adas Ethnologique of Balbi—works essentially systematic, The ‘African 
languages and dialects tabulated in the first are a hundred and twelve in 
number. In each, are given (when possible) the numerals and a few other 
of what appeared to the author the most fundamental words eligible. The 
evidence for the classificatiog appears to be contained within the tables them- 
selves. Balbi’s system is a: safe one. Where the affinities lie below the 
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surface, the language is left unplaced ; where it is evident, the result is the 
formation of a correct group. By this means, although allied languages are 
separated, distinct ones are not connected. The only important exception to 
this is in the class called Famille Shiho-Dankali. From this the Galla and 
Somauli are excluded, whilst the Shilluck, Dizzela, Dalla, and Agow languages 
are included. 

Balbi’s nomenclature is faulty in one respect; the application of the term 
Famille Troglodyte to the Bisharye dialects. This assumes an affiliation from 
the Troglodyte of antiquity which ought to have been proved. 

The absence of any reference to his authorities is a serious inconvenience 
since in collating his vocabularies with those of other collectors it is difficalt 
to determine whether they are additions to those previously known, or ex- 
tracts from them. In some cases the orthography is a guide. In one case, 
however, and probably in more, it misleads. The Bisharye, Noub and Kensy 
vocabularies are marked German ; which they are not. They were collected 
by Burckhardt ; whose name, being German, misled. 

Balbi knew the works of Lyon, Burckhardt, Denham and Clapperton, pub- 
lished between 1817 and 1826. 

The third systematic work, which, embracing much beside, embraces also 
the languages of Africa, is Prichard’s. The date of the first edition is 1826, 
of the second 1841. His ethnological maps are the proper complement to Dr. 
Prichard’s writings. These make him the most geographical of the three in- 
vestigators; a matter of no small value and importance. 

In this department, however, of the subject two difficulties press upon the 
philologist. They occur more or less in all languages; but most in those of 
Africa. These are,—\st, the use of similar names for different nations ; and, 
Qnd, the absence of any geographical notice respecting the districts wherein 
a particular language is spoken. 

As instances of the first complication we find names as similar as Somauli, 
Tumali, Sowaiel and Sofala applied to different tribes and different localities. 
This for the eastern coast of Africa. 

We find a Hamara language in Abyssinia, distinguished from the Amharic; 
so that the particular Abyssinian tribe to which the capapa Aéfes of Aga- 
tharcides applies is uncertain. 

We find Shankalas in the neighbourhood of the Dankali, and both near the 
country of Dongola. Yet all three are distinct. 

We find a Shilha tribe of Berbers in Morocco, and Shilluck negroes in Sen- 
naar; each unconnected with the other. 

We find Woloffs, Fulahs and Feloops ; similar in name, unconnected in 
most other points. And then we find a Fellah population in Egypt. 

These instances might easily be increased. vs it is not likely that tribes 
in the neighbourhood of each other should call themselves by similar names 
to anything like the extent here indicated, the solution lies in the supposition 
that the term by which they are known is a foreign one. Something of the 
kind, as stated above, occurs in all languages. It occurs, however, to a very 
extraordinary extent in Africa. The remedy to the uncertainty which it en- 
genders is the habit of always stating whether the name by which a tribe is 
descended is native or foreign. In Asiatic philology this practice is well ad- 
hered to in Klaproth’s Asia Polyglotta. 

The second complication is easily accounted for. A resident at Cairo, 
Algiers or Louisiana, collects specimens of the languages of Africa; and he 
collects them from such Africans as he finds in the neighbourhood of his resi- 
dence. Now, however well these Africans may supply him with specimens 
of their language, they give him no information in the way of geography. 
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Henee all that is got is the language, and the name of it. The locality must 
be obtained by other means. Something of this sort, also, occurs in other 
languages ; but in none to the extent that it prevails in the African. Whilst 
Africa is little visited, African slaves are spread far and wide. Seetzen’s 
vocabularies were collected at Cairo, Oldendorp's in the West Indies, and 
Mrs. Kilham’s at Sierra Leone. 

Reverting, however, to the consideration of the principles of classification 
which were applied to the African languages in 1812 and 1817, and to those 
that have since been adopted, we find that the only important systematic work 
which has appeared since the Mithridates and the Atlas is that of Dr. Pri- 
chard. Herein the classification is, as far as concerns the extent of its divi- 
sions, tn kind the same as Adelung’s and Balbi’s; in other words great care 
is taken lest the generalization outstrip the daéa, and no groups are attempted 
equivalent to those recognised in the philology both of Europe and of Asia. 
Furthermore, Dr. Prichard’s classification is an arrangement of men not of 
languages ; so that his divisions and subdivisions are formed, as stated befure, 
on mixed characters. Nevertheless, his work contains a much wider classifi- 
cation than those above-mentioned ; new affinities, determined upon even the 
principles of the Mithridates and Atlas, having since been discovered; in 
several cases by the author himself. The most important of these are the 
connexion between the Caffre languages and the languages of the kingdom 
of Congo, the extension given to the Galla and Nubian groups, and the ex- 
position of the Semitic affinities of the Berber. These will be mentioned 
again in their proper places. At present they simply serve as illustrations. 

In 1844, the present writer laid before the British Association at York, a 
paper on the Ethnography of Africa as determined by its languages. Here 
the classification, the provisional character of which was decidedly stated, 
was as follows :-— 

L The Coptic class, containing the extinct dialects of Egypt. 

I{. The Berber class, containing the non-Arabic languages of northern 
Africa. 

III. The Hottentot class. 

IV. The Caffre class, extending from the limits of the Hottentot country 
as far northward as Loango and the River Juba west and east. 

V. The fifth and last class, which was left unnamed, fell into eleven sub- 
ordinate groups :— 


1. The Nubian group. 7. The Howssa group. 

2. The Galla group. 8. The Mandingo group. 

3. The Borgho group. 9. The Woloff group. 

4. The Begharmi group. 10. The Fulah group. 

5. The Bornu group. 1}. The Ibo-Ashantee group. 


6. The Mandara group. 


Of these groups the ten first were undivided: whilst the eleventh fell into 
the following subdivisions :— 


a. The Fantee division. é. The Ibo division. 

B. The Acra division. e. The Nufi division. 

y: The Dahomey division. ¢. The Yarriba division. 

Notwithstanding these sub-divisions the following languages remained un- 

placed :— 

1. The Agow dialects. 4. The Sereres. ‘ 

2. The Bisharye dialects. 5. The Akvambu. 

3. The Serawoolli. 6. The Kru. 


In determining upon this classification the writer did his best to define the 
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principles upon which his arrangement proceeded. He believed then, as he 
believes now, that, making certain allowances for the extension of the induc- 
tion, either consciously or unconsciously on the part of the author, the prin- 
ciples upon which the majority of the languages of Europe, as well as those 
of alarge portion of Asia, are arranged and classified, have been the principles 
for the classification of all other languages. The distinct conception which 
a philologist entertains of the points of likeness and the points of difference 
between those members of that great division of languages which he is in the 
habit of calling Indo-European, regulates his views as to the value of the 
affinities or discrepancies between other languages ; so that, where he attempts 
to classify at all, he asks the following questions :—Are the languages with 
which I am dealing as like as the most unlike languages compared under 
the term Jndo- European? Is the difference between them less or greater than 
that between the Portuguese and Icelandic, the Persian and German, the 
Greek and Gaelic? Questions like these give him the rule by which he mea- 
sures differences, and determines the value of divisions ; and the rule, although 
a rough one, is the best which we possess in the present state of our philology. 

As no group higher than the one termed Indo-European exists under any 
definite recognized denomination, languages which are not comprised within 
the pale of such divisions are in no ascertained degree of relationship to each 
other at all. 

Again, just as we regulate our views of the higher classifications by theknown 
affinities between the different languages of the Indo-European family, so do 
we, in respect to the minor groups and subordinate subdivisions, determine 
our notions from those classes which we know by the names of Gothic, Celtic, 
Slavonic, &c.; so that in asking whether two languages belong to the same 
division of a given group, we ask whether they are as like each other as (say) 
the modern Greek and Portuguese, the Swiss and Icelandic ; in other words, 
whether they are as like each other as the two most distant dialects of the 
classical and the gothic stock of languages respectively. This, again, al- 
though a convenient rule, is rough and empirical. 

Finally, in respect to the extent to which particular languages stand alone 
and beyond the pale of tecognized relationship with other tongues, the posi- 
tion of the Basque language of Biscay forces itself upon our notice as a mea- 
sure of what may be called philological isolation; or, if not as a measure, at 
least as an illustration. 

Does Africa afford the same philological phenomenon that is afforded by 
Europe, in the existence of languages belonging to groups so different as the 
Indo-European and Finnic ? 

Does Africa afford the same phenomenon that is afforded by Europe in 
the existence of an absolutely isolated language like the Basque? 

The extent to which the investigations of learned men have answered these 
queattons is the chief subject of the forthcoming pages; such questions, and 
the like of them, being the staple subjects of ethnographical philology; and 
it peing to the solution of such that the evidence of languages was first in- 
voked. 

In another question of ethnography philology is a more indirect instrument. 
The alphabets and literatures of countries are ethnographical facts ; and phi- 
lology is requisite for attaining them. In African ethnology, however, it is 
only when we get to the archeology of Egypt that this application of learn- 
ing requires notice, and then but partially. 

Our best geographical starting-place is the locality where there are the 
fewest complications. For this reason Egypt, Barbary and Abyssinia come 
last in the present arrangement. Tigese are the points where Africa comes in 
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one of their Asiatic affinities. Hence it is most convenient to 
language undoubtedly negro, and spoken in the district where the Ara 

the northern coast leaves off. This is the coast of the Atlantic and the north- 
ern bank of the Senegal. 

Previously, however, the following forms of quotation should be explained, 
as they are likely to be of frequent occurrence :— 

1. Mrs. Kilham’s Vocabularies—A short vocabulary for thirty-one lan- 
guages, was collected by Mrs. Hannah Kilham, at Sierra Leone, and published 
in a tabular form. The original work is scarce ; but it is reprinted, with some 
additions, in the publication next named. 

2. The Niger Vocabularies.—Outline of a vocabulary of a few of the prin- 
cipal languages of Western and Central Africa; compiled for the use of the 
Niger Expedition. London, 1841—Mr. Edwin Norriss, of the Asiatic So- 
ciety, was the superintendept of this careful and well-arranged work. 

3. The Vocabularies.—Published in the Mémoires de la Société 
Ethnologique (vol. ii.). Collected during the last century. Transferred 
from a convent, suppressed during the first French revolution, to the Bibli- 
othéque Royal. Headed, Dictionnaire des Langues Francaises et Negres dont 
on se sert dans la Concessign de la Compagnie Royal du Sénégal, savoir: 
Guiolof, Foule, Mandingue, Saracolé, Séraire, Bagnon, Floupe, Papel, Bi- 
zagots, Nalous, et Sapi. Of these, the seven first have been printed, the four 
last are missing. 

4. Bowdich's Numerals.—As an appendix to Bowdich's Mission to Ashantee, 
we find the numerals of thirty-one languages and dialects for the parts on and 
in the neighbourhood of the Gold-coast. | 

5. Salt——The Abyssinian and other vocabularies in Salt’s Voyage to Abys- 
syna. London, 1814. 

e Bippell—The Kordofan and other vocabularies from Riippell’s Reisen 
mn en, 

7. Beke.—-Vocabularies for thirteen Abyssinian languages, published in the 
Journal of the Philological Society. No. 33. 

8. Notes on Northern Africa, the Sahara and Soudan. By W. B. Hodg- 
son. New York, 1844. 

I. The Woloff Language-—From the Atlantic Ocean to Podor, along the 
southern bank of the Senegambia, from west to east, and from the mouth of 
the Senegal to Cape Verde, the language is the Jaloff, Woloff, Guiloff or Ouo- 
lof language. In the neighbourhood of Cape Verde it is interrupted by a 
language called the Sereres, but only interrupted. It is continued southward 
until it becomes conterminous with the Mandingo languages of the Gambia. 
The country of Salum, on this last river, is especially stated to belong to the 
Wolof kingdom. So also are the states of Walo, Baol, Syn, and Kayor; this 
last country being north of the Senegal. South of the Gambia I have not 
met with evidence to the existence of any Woloff dialect. The inland ex- 
tension of the Woloff is somewhat indeterminate. The country marked in the 
maps as Foota-torro is not Woloff, but Fulah ; neither is the country of Galam 
or Kajaaga wholly Woloff; the Serawoolli being spoken in those parts. 
Ethnographically, the limits of the Woloff language are satisfactorily ascer- 
tained. On the north it is conterminous with the Moorish, Arabic and the 
Tuarick dialects of the Berber of the Sahara; on the south and south-east 
with various Mandingo dialects; on the north-east with the Fulah of Foota- 
torro and the Serawoolli of Galam or Kajaaga. It probably surrounds and 
isolates the Sereres of Cape Verde. 


160 REPORT—1847. 


The Woloff language was known to the authors of the Mithridates only 
through vocabularies, of which the chief were those of Barbot, Golberry and 
Verdun dela Crenne. The later daéa are as follows :— 

1. Grammaire Woloff. Par Dard. Paris, 1825. 

2. Dictionnaire Francaise- Woloff. Var Dard. Paris, 1826. 

3. The Woloff Glossary of Mrs. Kilham. 

4. The Woloff of the Senegal vocabularies. 

5. Ta-re Wa-loof, ta-re boo ju-ka. First lessons in Jolof. Tottenham, 
1820.—Jilg. 

The Recherches Philosophiques sur la langue Ouolofe are only known to 
me through a reference of Monsieur D’Eichthal’s. 

The current opinions concerning the Woloff tongue that require notice 
are,— 

1. Its relation to the language mentioned above under the name Sereres. 
For this see the remarks on that language. 

2. Its relations to other languages. The affinities of the Woloff by no 
means lie on the surface; and it has consequently been dealt with as one of 
the most isolated tongues of Africa. 

The tables of the Niger vocabularies exhibit the Woloff, the Mandingo, 
the Howssa, the Fulah, the Fantee, the Yarriba, and the [bo vocabularies in 
juxtaposition. For the two letters, A and B, the whole amount of words, 
common to the Woloff and the other languages, consists of the following 
few :— 


English. Wolof. Mandingo, &c. &c. 
Abode deuke duga, Bambarra. 
Abundant athia assiata, Mandingo. 
Afraid disselo sira*, Bambarra. 

ain ti, tu tung, Mandingo. 
Blaze _talla diri, Fantee. 
Blind silmahha salla, Fulah 
Body yarama faret, Bambarra. 
Bow hhala kala, Mandingo. 
Boy gore yarro, Howssa. 
Brain yore gore, ori=head, Fulah. 
Breast sinya sonja, Mandingo. 
Bread mburu buru, Fedak. 
Buttock nage nage, Fulah. 


The Senegal vocabularies enlarge this list. It must however be remarked, 
that the languages here compared are all in geographical juxtaposition with 
the Woloff; which was not the case with Fantee, Yarriba and Ibo of the last 
tables. 


English wing. English white. 
Woloff sabole. Woloff oueke. 
Fulah saboulé. Mandingo _coné. 
English bow. li : , 
Wolof hala, argiah white man 
Mandingo = kalaninbegné. Mandingo _—_toubabe. 
English beard. Fulah toubabe. 
Wolof. sikim. Sereres toubabe. 


Saracolét seinke. . 


* Also sore in Howssa, saru, Fantee. That the dis. is not radical is shown by the words 
abieseran in the Bambarra, and asillata in the Mandingo = alarm. 
f Also dra in Yarriba. t Or Serawoolli. 


English 
Wolof 
Sereres 


English 
Wolof 
Fulah 


English 
Woloff 
Mandingo 
Fulah 
Saracolé 
Sereres 


Bagnon 


English 
Woloff 


Mandingo 
Saracolé 
English 
Woloff 
Mandingo 
English 
Woloff 
Fulah 
Sereres 
English 
Woloff 
Mandingo 
Fulah 
Saracolé 


Sereres 
Bagnon 
English 


Wolof 
Fulah 


English 
Woloff 
Feloop 


English 
Woloff 
Mandingo 
Sereres 
English 
Woloff 
Mandingo 
Saracol 
English 
Woloff 


Sereres. 
1847. 
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whiten. 
foute. 
fataholk. 


wound. 
guiamnan. 


English 
Wolof 
Sereres . 


English 
Wolof 
Sereres 


English 
Woloff 
Fulah 


English 
Woloff 
Sereres 


English 
Woloff 
Mandingo 
Fulah 
Sereres 
Feloop 


English 
Wolof 
Saracolé 
English 
Woloff 
Mandingo 


English 
Woloff 
Saracolé 
Feloop 


English 
Woloff 
Mandingo 
English 
Woloff 
Fulah 
Sereres 
English 
Wolof 
Mandingo 
Saracolé 


English 
Woloff 
Fulah 
English 
Woloff 
Fulah 
English 
Woloff 
Mandingo 


cut. 


cagny. 


finger. 
baram. 


doromé. 


child. 
dom. 
din. 


Cousso. 


hassoungoutey. 


smoke. 
sakar. 
sicy. 


man. 


daughter, girl. 
ndausst. 
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English house. English ear. 
Wolof hobé. Woloff ROp. 
Saracolé compe. Sereres nof. 
.Sereres gombinde. Saracolé aan 
English bad. agnon guinef. 
Woloff mite. Feloop eahof. 
Fulah moucy. English rain. 
Wolof ; . 
Sereres thon. see P ee. 
dings Bea. Bagnon din. 

olo guaye. 

Fulah guaye. English fish. 

. Woloff quin. 
English world. Mandingo gnéé. 
Woloff nit. Fel souhanne 
Fulah neddau. omooP 

, . English thou 
English mountain. Woloff yo. 
Woloff tonde. Sereres oud. 
Fulah saundé. Feloop hahou 
English bone. English one. 
Woloft yak. Wolof ben. 
Bereres gouhique. Saracolé bane. 

agnon gougoun. i belly. 
English you. Woof bar. 

or0 yen. Bagnon beddié. 
Fulah - honon. Feloop far. 


A third table of comparison is formed by Mrs. Kilham’s vocabularies; and 
here the Woloff has not only no particular affinities, but fewer miscellaneou 
ones than any other language. 

The last remark to be made upon the Woloff language is the fact, that its 
grammatical structure exhibits the euphonic or alliteral concord. The meap- 
ing of this statement, and its philological import, will be explained in the 
section on the Caffre language. 

II. The Mandingo Languages.— Along the greater part of the course of 
the Gambia one language is spoken, and that with but few variations. It is not 
certain that this language is always the aboriginal language of the country; 
but still it is the chief and leading language. The Mandingo is the tongue 
in question. Between the Gambia and the Senegal, the Mandingo is certainly, 
at some point or other, conterminous with the Woloff, and probably with the 
Sereres as well. South of the Gambia, and on the sea-coast, the Feloop is 
spoken; probably as far as the River Cacheo. Behind the Feloop country, 
however, we find the Mandingoes again ; and, thirdly, we find them fur south- 
ward, at the back of the Grain Coast. 

Now the most convenient point from which the distribution of this wide- 
spread family can be studied, is that tract between the Gambia and the 
Senegal which lies inland to the Woloff and Sereres areas; in other words, 
the eastern portion of Senegambia. Here— | 

1. The Bambook language is Mandingo; mixed, however, according to 
Golbery, with the Woloff and Fulah. 

2. The Medina language ie Mandingo, and Mandingo of the standard kind, 
or Mandingo of the Lower Gambia. . 
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8. The Bambarra language is Mandingo. At Sego, the Bambarra dialect 
of the Mandingo was spoken and understood by Park; whilst a little higher 
up the Joliba, at Jenné, a different language, that of Timbuctoo, was the 
only one intelligible. ; 

4. The language of Jallonkadoo is Mandingo; but the language of Timbo, 
south of Jallonkadoo, is not Mandingo. It is the Fulah of Foota-torro. 

5. The Sokko or Asokko language is Mandingo. The Sokko language 
is said to be spoken on the boundaries of the Ashantee country. 

This extent of the Mandingo area was recognized by the authors of the 
Mithridates, their data being most imperfect ; Park’s vocabularies forming the 
main portion of them. 

The extension of the Mandingo dialects to the south of the Gambia is 
difficult to determine. Asa general rule it seems to be inland, rather than 
towards the ocean; the coast being occupied by— 

1. The Feloops along the coast between the Gambia and the Cacheo.—-The 
Feloop numerals, as given by Park, constituted the whole of the language 
known in 1817. The Feloop language is mentioned in this place for geogra- 
phical reasons. Ethnologically, it has not yet been shown to be connected 
with the Mandingo. Vid. infra. 

2. The Papels.—-We have no specimens from the Papels ; but they are said 
to speak a separate language. Their geographical position is to the south of 
the Cacheo. The Papel is one of the lost Senegal vocabularies. 

3. The Balantes.—South of the Papels and on the coast. No specimen 
of their language. Said, in the preface to the Senegal vocabularies, to be 
peculiar. 

i The Bagnon—Spoken in the neighbourhood of the Cacheo. Vid. 
infra. 

5. The Bissagots—The inhabitants of the islands to the south of the 
Cacheo. No specimen of their language. Stated to be peculiar. The Bis- 
sagot is one of the lost Senegal vocabularies. 

6. The Naloos.—Native tribes inhabiting the sea-coast. No specimen of 
their language. Stated to be peculiar. The Naloo is one of the lost Senegal 
vocabularies. 

7. The Sapi.—Native tribes inhabiting the sea-coast. No specimen of their 
Eaguage. Stated to be peculiar. The Sapi is one of the lost Senegal voca- 

ularies. 

The tenth degree north latitude is, there or thereabouts, the southern limit 
of the languages of Senegambia. It is also, there or thereabouts, the southern 
limit of those unclassified languages which lie between the Mandingo area 
and the Atlantic. The coast between the Rio Pongas and the Sherbro River 
presents us with three separate languages known to us by specimens. 

1. The Susu.—Spoken from the Pongas to Sierra Leone. The Susu was 
known to Adelung a 

A Grammar and Vocabulary of the Susu Language. Edinburgh, 1802. 

2. The Bullom.—Spoken around and at the back of Sierra Leone. Con- 
terminous with the next language. Known to Vater by— 

A Grammar of the Bullom Language, by Nylander. 

3. The Timmani.—Spoken in the immediate neighbourhood of Sierra 
Leone. Conterminous with the Bullom. Known to Adelung by Winter- 
bottom’s vocabulary. 

The present writet coincides with the opinions of both Balbi and of the 
Editor of the Niger vocabulary, in considering the Susu to be Mandingo. 
This is also the place given to it by Mrs. Kilham’s tables. 
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He also coincides with the opinion, that the Bullom and Timmani are 


allied to each other. 


He further believes that they are also allied to the Susu, and, consequently, 
that the Susu, Bullom and Timmani are, all three, Mandingo languages. 


English. 
break 


destroy 
die 
dig 
eat 
Sight 
have 
SROCZE 
warm 


chis’sung 
sangken 
tay’nin 
sont 

lellee 
chay 
yachayree 
ko 

mat 
soonta’ 


mar 
tinkilla 
dee 
min 


sof. 

killee. 

yee: 
eeyeereenang. 
konnay. 
monk. 

soot. 

tup. 

tulld. 


English. 
drink 
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(2) 
Susu. 
ming 


tubang 


Bullom. 


ese see see 


peng 
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Timmani. 
moon. 
dee. 
tussum. 


fooroop. 
mar. 
*kbuoy. 
shil. y 
tunk. 
toof. 
pee. 


The statement as to the affinity between these tongues and the Susu was 
made in Ehrmann’s Geschichte der Reisen, vii. 94, and gratuitously contra- 
dicted in the Mithridates, iv. 437. 

Again, among the Niger vocabularies we find the numerals of two lan- 
guages called Mendi and Veit. Nowif the Vei be the language of a tract on 
the sea-coast, marked in Arrowsmith’s London Atlas as lying between the 
River Gallinas and Cape Mount, it brings the Mandingo dialects down to the 
northern boundary of the settlement of Liberia. Of the Mendi I only know 
that its numerals resemble the Vei. 


English. Vei. Mendi. Mandingo. 
one dondo eta kiling. 
&00 filla filla fula. 
three sakwa sauwa sabi. 
four nani nani navi. 
Jive solu dolu, lolu lulu. 

six oceeee weta uora. 
ten tan pu tong. 


This is probably the southern limit of the Mandingo languages on the coast * 
languages akin to the Kru and Bassa being spoken to the south of Cape 
Mesurado. 

Asto the inland extension of the southern division of the Mandingo dialects, 
we have nothing but fragmentary evidence. The Limba and Kooranka coun- 
tries, to the west of the Timmanies, are stated to be Mandingo. A district 
called Kissi lies south of Sulimana, and west of the Koorankos. Of this 
language we have two specimens—the numerals, as far as ten, and a voca- 
bulary of Mrs. Kilham’s. By reference to the Niger vocabularies it may be 
seen that the Kissi is allied to the Bullom. 

Besides the Kissi, the Kossa and Pessa are the names of two of Mrs. Kil- 
ham’s glossaries. They are akin to each other, and akin to the other Man- 
dingo dialects. 


English eye. English fish. 


Kossa ngami. Kossa niet. 
Pessa natke, Pessa nge. 
Mandingo —nuia, Mandingo — nue. 
Susu niia. Susu teh-eh. 
Bambarra _— nye. Bambarra = nyegey. 
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English 
Kossa 
Pessa 
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foot. English 
huet. Kossa 
nuko. Bullom 
fowl, bird. English 
fe. Kossa 
te. Pessa 
tohe. Susu 
£9. English 
di. ona 
ta. Peasa 
fa. Mandingo 
head. | Bambarra 
Nur English 
nkung. Koasa 
kung. Mandingo 
kunyi. Susu 
hung. Bambarra 
house. English 
pers. Kossa 
pelt. Susu 
milk. . 
nntie. Linglish 
mono. Pessa 
nono. . 
moon. aie 
ngoli. Pesan, 
alu. . 
hol vandingo 
karo. usu 
Kissi 
mouth. Timmani 
nde. Bullom 
a ) English 
ossa 
da. Pessa 
oil. ; 
gule. English 
ulo ossa 
_ Pessa 
rice. Mandingo 
mbe. Susu 
mo. Bambarra 
salt. English 
ng 
bole. Kossa 
bules. Pessa 
see. Mandingo 
gatola. Susu 
tu. Bambarra 
sheep. English 
bari. Kossa 
baua. Pessa 
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English two. English five. 
Kossa fela. Kosea lalu. 
Pessa Jie. Pessa nalts. 
English three. Mandingo udu. 
Koasa shan. usu suli. 
Pessa saua. Bambarra  dulu. 
Mandingo sabi. English six. 
Bambarra _ sada. Kosea ueita. 
Susu saka. Pessa attah. 
English four. English seven 
Kossa nant. Kossa uefela. 
Mandingo nani. Pessa asfira 
Susu nani. Susu sulifering 
Bambarra nant 

Pessa Na. 


Lastly, the Garangi, Kong, Callana, Fobee and Garman numerals, collected 
by Mr. Bowdich during his residence in Ashantee, and representing lan- 
guages spoken in the interior (probably at the back of the Pepper Coast, and 
to the westward of the Kong Mountains), are Mandingo. The Garman of 
Bowdich is the Buntakeo of the Adas Ethnographique. 

Such is the geographical distribution of the Mandingo languages. The 
philological data, beyond the vocabularies of the Mithridates, are— 

For the Mandingo proper,— 

1. The vocabulary of Captain Washington—Niger vocabularies. 

2. The Mandingo of Mrs. Kilham. 

3. The Mandingo of the Senegal vocabularies. | 

4. A Grammar of the Mandingo language. By the Rev. R. Maxwell 
Macbriar, translator of the Gospels into Mandingo, &c. London. 

5. Macbriar’s Mandingo Gospels. 

6. African lessons. Mandingo and English elementary sounds, and general 
spelling lessons ; a short vocabulary, &c. London, 1827.—Jiilg. 

7. Jackson, J. G. An account of Timbuctoo and Howssa, by El Hage 
abd Salam Shabeeny. London, 1820.—Jiilg. 

For the Bambarra— 

1. Dard, J.. Dictionnaire Francais- Woloff et Francais-Bambarra. Paris, 
1825. 

2. Caillie. Journal d'une Voyage a Timbuctou, &c., with remarks by Jo- 
mard. Paris. The vocabulary is here called Mandingo. It is, however, stated 
to be Bambarra in the introduction to the Niger vocabularies, and that truly. 

3. The Conjugation of the Bambarra word ta=go, in Dard’s Woloff Gram- 
mar. 


For the Susu, and other Mandingo languages. 

1. Mrs. Kilham’s Susu vocabulary. 

2. Mrs. Kilham’s Timmani vocabulary. 
3. Mrs. Kilham’s Bullom vocabulary. 

4. Mrs. Kilbam’s Kossa vocabulary. 

5. Mrs. Kilham’s Pessa vocabulary. 

6. Mrs. Kilham’s Kissi vocabulary. 

7. Kissi numerals of Niger vocabularies. 
8. Vei numerals of Niger vocabularies. 
9. Mendi numerals of Niger vocabularies. 
10. Bowdich’s Garangi numerals. 
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' 1]. Bowdich’s Kong numerals. 
12. Bowdich’s Garman numerals. 
13. Bowdich’s Fobee numerals. 


The Mandingo is not one of those African languages which have been 
separated from the rest by any, real or supposed, broad line of demarcation. 

Ill. The Feloop Languages.—For the locality of the Feloop and Bagnon 
languages, vid. supr. All that was known of either to Adelung was the Feloop 
numerals by Park. At present the Senegal vocabularies supply us with a 
long vocabulary of each. 

The least that can be said of these two languages is that they are much more 
alike to each other than to any other pair in the tables; and this likeness 
seems extended to the inflectional portions of their words. Lest this should 
seem an insufficient reason for placing them in the same group rather than 
for treating them as languages of separate classes, it should be remembered 
that in the parts in question not less than five * other languages, unknown to 
us by specimens, are spoken; and that the evidence of these may hereafter 
make good the inconclusive part of the present arrangement. It is, however, 
quite provisional. 

The following affinities for the Feloop and Bagnon, although few, are taken 
from the collations of Mrs. Kilham’s tables only :-— 


English mouth. English moon. 
Feloop boutoum Bagnon guioun. 
Howssa bathi. Bongo gounti. 
English moon. English river. 
Feloop Sylein. Bagnon . 
Bullom tpang. Howssa coramma. 
Kouri fenonga. English sheep. 
English eat, Bagnon 

Feloop foury Kissi sa. 

Tbu tra. English water. 
English fish. Bagnon moundou. 
Feloop souhanne Kissi mendang. 
Fantee tsunan. English child. 
English river Bagnon colden. 
Feloop Timmani halent. 
Bullom thele. Bullom tshant. 
English cow. English star. 
Feloop pebey. Bagnon . 
Bornu pet. Ibo khuondi. 
Fot mpo. English three. 
English brother. Bagnon halallo. 
Bagnon hontoc hounonque Bongo balali. 
Howssa uUand. Moko ala. 

Ibo woannimochine. Benin la. 
Karaba ttenakami. Fot la. 


IV. From Cape Mesurado to the Gaboon River, immediately to the north 
of the equator, the enumeration of our philological data must be, for the pre- 
sent, exclusively geographical ; in other words, the ethnographical classification 
must be deferred. It is the opinion, however, of the present writer that all the 


* The Papel, Naloo, Sapi, Bissagot, Balantes. 
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languages belong to one great class; a class, however, which falls into 
subdivisions. 

From Cape Mesurado to Cape Palmas—the Grain Coast. No speeimens 
in the Mithridates. Present data :— 

1. A Kru, glossary of Mrs. Kilham’s. 

2. A Bassa glossary of Mrs. Kilham’s. 

8. Thompson's MS. vocabulary of the Kruman and Fishman dialects. 

4. Under the head Kerrapi, and in his Appendix, Jiilg mentions a voca- 
bulary of the Grebo language, printed at Cape Palmas, 1837. I understand 
from other quarters that this is a Kru dialect. 

The Bassa and Kru are closely-allied dialects. The Pessa language, over 
and above the similitude of the name, has many words ion common with the 
Bassa. Indeed the line of demarcation here drawn between the Mandingo 
and Kru dialects is by no weans definite ; it is merely provisional. That the 
Kru languages are akin to those south of them is undoubted. 

From Cape Palmas to the River Assinese—the Ivory Coast.—Nothing: 
unless some vocabulary of which the geographical position is at present un- 
known belong to this locality. 

Gold Coast.—Politically speaking, this means the Ashantee kingdom and 
its dependencies. Ethnographically, it means the area of the Inta, Acra, and 
Akvambu languages. Within this area, the Acra and Fantee languages were 
known to Adelung and Vater through the grammars of the Danish mission- 
aries Protten and Schonning ; besides which, there were also a few fragmen- 
tary vocabularies. Since then our knowledge has been increased by— 

1. The Ashantee vocabulary of Bowdich. 

2. The Ashantee glosses of Mrs. Kilham. 

8. The Ashantee glosses of the Niger vocabularies, taken from the mouths 
of two young native princes resident in London. 

4. The Fantee vocabulary of Bowdich. 

5. The Fantee glosses of Mrs. Kilham. 

6. The Fantee glosses of the Niger vocabulary, obtained by the Rev. J. 
Beecham from Mr. De Graft, a native resident in London. 

7. The Booroom vocabulary of Bowdich. 

8, 9, 10, 11, 12. The Inta, Aowin, Amanahea, Ahanta and Affootoo nu- 
merals of Bowdich. 

18. Halleur, Abecedarium in der Aschanti Sprache.—Jdlg. 

14. Outlines of a vocabulary. London, 1841.—Jiéilg. 

Besides the Inta dialects, three other languages, spoken on the Gold Coast, 
require notice. - 

A. The Acra or Inkra.—Of the Acra language we have a short grammar, 
published in 1764 by the Danish missionary Protten, and a few other unim- 
portant vocabularies, as well as the Inkra numerals of Bowdich. Both Ade- 
lung and Bowdich separate the Acra tongue from the Inta. Nevertheless, 
the former writer admits a similarity in their grammatical forms; whilst Bow- 
dich seems to have formed his opinion upon an exceedingly limited vocabu- 
lary. Of the Acra language, in the strictest sense of the word, I can refer 

, ‘0 nothing since the publication of the Mithridates, except to the numerals 
(and six other words) of Buwdich. 

The grammars, however, both of the Fantee and Acra languages, originally 
published by the Danish missionary, were edited by the well-known philolo- 
gist Rask. Of this edition I can speak only from memory. The impression 
left upon my mind was that the Acra and Inta languages were allied to 
each other, and besides these, that the Akvambu and Adampi were allied also. 

B. The Akvambu. See infra. 
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C. The Adampi, Tambi, and Tembu Languages.—Apparently these are 
the names of one and the same language. Nevertheless the Tambi and Temba 
vocabularies differ. 


English. Tembu. Tambu. 
sky 80 giom. 
sun wis pum. 
moon igodi horamb. 
man iraa nyummu. 
ocean ibalu numero. 
woman alo in. 

head kuyuoo ii. 

foot navorree nandi. 
one kuddum kaki. 
two noalee ennu. 
three nodoso ettee. 


Now the Tembu vocabulary has some very definite coincidences with one 
of Mrs. Kilham’s vocabularies, hitherto unplaced, called the Kourt. Probably 
the two glossaries represent the same language. 


English. Tembu. Kouri. 
sun wis uoSsi. 
man ibalu abalu. 
woman alo alu. 
one kuddum kotum. 
two noalee nalee. 
three nodoso natisu. 


What is the Adampi? Its first three numerals (all that can be compared) 
are identical with those of the Tambu, ¢. e.—1, kakee; 2, ennue; 3, ettayh. 
The names for man and woman are different. The names for father and 
mother are nearly alike. The Tambu is one of Oldendorp’s vocabularies. It 
is, doubtless, the same as Bowdich’s Adampi. It is conterminous with the 
Acra. According to Bowdich it is radically different from that language— 
the numerals being borrowed. As Bowdich’s opinion rests on the collation 
of only seven words, it is unsatisfactory. 

In Balbi’s Atlas the Tjomba is mentioned as the Zjemba or Kassenti. The 
geography and nomenclature of these vocabularies require revision. 

nguages of Dahomey.—The fragmentary vocabularies found in the 
Mithridates under the titles of Yudah, Watye, Atye, Adah, and Wawu repre- 
sent all that was known in 1812 of the languages of Dahomey. Our present 
data are proportionably scanty. 

1. The Popo vocabulary of Mrs. Kilham represents a Dahomey dialect. 

2. The Fot vocabulary of Mrs. Kilham represents a Dahomey dialect. 

8. The Kerrapay numerals of Bowdich approach the Popo numerals of 
Mrs. Kilham, The Crepee of the Mithridates is the Kerrapay. 

4, 5, 6,7, 8. The Badaggry, Dagwhumba, Mosee, Inwa, and Kumsallahoo 
numerals of Bowdich are allied to each other, and to the Kerrapay. 

9. The Ardrah of M‘Leod, Voyage to Africa, &c. London, 1820.—Julg. 

From Dahomey to Benin—The Yebu country.—The Yebu, Ako, Eyo, 
Hio, Yoruba, or Yarriba Language.—The languages of this tract, bot} on 
the coast and inland, are at present well-known ; the whole of the daéa having 
been collected since the publication of the Mithridates. The Yarriba - 
mar of Crowther, and an elaborate paper on both the Geography and Philo- 
logy of the country in question by Monsieur D'’Avezac (Mémoires de la 
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Socidé Ei igque, tome ii.), are the chief sources of our information. 
The grea of the Yebu or Yarriba Janguage is bounded by Dahomey on the 
west, by Warree and Benin on the east, and by the Nufi, Howssa and Filani 
countries on the north. The dialects of the coast are called Yebu ; those of 
the interior Eyo, Inongo, or Yarriba. The bibliography of the Yarriba lan- 
guage is as follows :-— 

1. The Yebu of Monsieur D’Avezac.—Esquisse Grammaticale de la 
Langue Yeboue; followed by avocabulary. Mémoires de la Société Ethnol. 
tom. ii. Monsieur D’Avezac’s researches are founded upon the study of 
the Yebu language under a native of the name of Ochi-Fekoue, resident in 
Paris. A portion of the Yebu of the Niger vocabularies was contributed by 
Monsieur D’Avezac. 

2. The Ako of Mrs. Kilham. 

3. The Eyo vocabulary of Raban. 

4. That portion of Ako, Eyo, Yebu, or Yarriba of the Niger vocabulary 
which is not taken from Raban, D’Avezac, or Clapperton. 

5. The Hio numerals of Bowdich. 

6. The Inongo of Douville. Collected at Brazil by M. Douville from an 
Inongo slave. Incorporated with D’Avezac’s vocabulary. 

7. The Yarriba vocabulary of Clapperton. 

8. Vocabulary of the Yarriba Language——By Samuel Crowther, native 
teacher, in the service of the Church Missionary Society. London, 1843. 
Accompanied by Introductory Remarks, a short Grammar, and Specimens 
of the Language. Three forms of dialect are noticed :— 


English. Oy6h. Ibakpéh. Tbolléh. 
to open shi tshi si. 

to work shisheh tshitsheh siseh. 
to do she tshe se. 


The Western half of the Delta of the Niger— Warree.—Nothing ; unless 
some vocabulary of which the geographical position is at present unknown 
belong to this locality. 

Benin.—Nothing in the Mithridates. In the Niger vocabularies two 
glossaries. | 

1, The Benin of Mrs. Kilham. 

2. The Moko of Mrs. Kilham. Closely allied to the Benin. 

3. The Benin of D’Avezac.—A few words collected from Ochi-Fekoue, 
and published in the Mémoires de la Soc. Ethn., p. 48, tom. ii. part 2. 

4. A few Benin words furnished to me by Dr. Daniell: MS. 

The Eastern (or Southern) half of the Delta of the Niger—The Ibu Lan- 
guage.—The Ibu language is conterminous with the Benin and Yarriba lan- 
guages ; also with a language which will hereafter be noticed—the Nyffe, 
Nofi, or Tapua. The Ibo vocabularies, over and above the indefinite and 
fragmentary glossaries of the Mithridates, are as follows :— 

1. The Ibo of Clapperton. 

2. The Ibu of the Niger vocabularies. Procured from a native resident 
in England. 

3. The Ibu of Mrs. Kilham. 

4. The Bonny vocabulary of Daniell; a short MS., courteously transmitted 
to me by the author. I class this with the Ibu languages upon the faith of 
several current statements as to its affinity, as well as upon geographical 
grounds. The short vocabulary of Daniell is insufficient for a proper philo- 
logical proof. : 

5. The Old Calebar of Daniell ; MS.; short. 
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6. The Karaba of Mrs. Kilham. Identical with the Old Calebar of Daniel 

7. The Bonny numerals of the Niger vocabularies. 

8. A few Ibo words in Dr. Daniell’s MS., marked Zbo, not of the Qu. 
These seem to represent the same dialect with the Ibo of Kilham. 

9. Koeler.— Kleines Worterbuch der Bonny-Sprache, in dem Monat 
bericht der Berl. Geogr. Gesellschaft: 1848. No. 2, 3.—Jtilg. 

10. Vocabulary of the Old Calebar Language.— Robertson, Notes on Africa. 
London, 1819.—Jiilg. 

11. A few Honin words in the Journal of Royal Geographical Society, 
vii. p. 395 (viilg), are referable to these parts and to this class of la 


uages. 

5 Between Old Calebar and the Cameroons River, we find in Arrowsmith’ 
Atlas a river named Bimbia, and in the same volume with the Kru and | 
Fishman vocabulary, and, collected by Mr. Thompson, along with a thin | 
African dialect, the Ediyah, we have a Bimbia vocabulary. 

The Cameroons.—Of the Cameroons language there is a MS. in the library 
of the Asiatic Society. Without being particularly allied to any known lar- 
guage to either the north or south, it has the following miscellaneous afi- 


nities :— 


English good. English key. 
Cameroons dam. Cameroons  tdtban. 
Benin abong. Akuonga ekodebu. 
Moko ba. Moko diba. 
Woloff bahh. : 
Rungo —_ombia Catteroous mone 
Susu fang. Fot mabang. 
Bonny bam. Benin mounlo. 
English sun. Moko Manju. 
Cameroons alubo. Bongo MuUngoum. 
Uhobo ale. Cameroons  wboh. 
English moon. nny ubor. 
Cameroons mari. English wo1an, wife. 
Rungo ogueri. Cameroons muto. 
English lip, Kouri media= 
Cameroons epoupe medamba. Howssa matshi. 
Bonny bibbe. Moko maul. 
Mandingo musu. 
English fire. . 
Cameroons _vea. English people. 
Bongo veia. Cameroons  Jbatoe. 
Bimbia weah. Appa atoa = 
English stone. English water. 
Cameroons’ dalli. Cameroons miraba. 
Kongo matali. Bongo madipa. 
English Tass. mr 
Cameroons koko. one medip. 
Ako koko. p. 
Akuonga marup. 
English house. English eye. 
ameroons = andabo. Cameroons _meeso. (?) 
Moko ndap. Kongo mesu 
Benin = lop Benin, mets. 
wo 


English 
Cameroons 
Kongo 
Rungo 
English 
Cameroons 
Rungo 
English 
Bimbia 
Susu 
Popo 
Akuonga 
English 
Bimbia 
Fantee 
Tapua 
Popo 

Ibu 
English 
Bimbia 
Bornu 
Ako 
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ear. 
mature. (?) 
mate. 

etue. 


finger. 
munee. 
menu=hand. 
star. 
sumbi. 
tumbi. 
sungut. . 
mambi. 
sun. 

ew. 

euta. 

ehi. 

ues. 

atu. 
mother. 
viyeh. 
iat. 

ita. 


| 


Cameroons 
English 
Bimbia 
Cameroons 
English 
Bimbia 
Karaba 
English 
Bimbia 
Bongo 
English 
Bimbia 
Uhobo 


moon. 
engondsah. 
gounte. 
sea. e 
manja. 


madiba. 
man. 
motu. 
muto. 


woman. 


mytu. 
muto. 
brother. 
nanyangams. 
tienahami. 
hog. 
engoah. 
guia. 

fish. 

lueh. 

el. 


Fernando Po.—The only vocabulary of the language of Fernando Po is 
a MS. vocabulary, with which, as with the Kru and Bimbia specimens, I have 
been kindly favoured by Mr. Thompson ; this is now in the course of publi- 
cation by the collector. It is entitled a Vocabulary of the Ediyah or Adiyah 
nguage, and represents but one out of numerous dialects.—Mr. Thompson 


tn a paper laid before the Ethnological Society, December 1847. 

The Ediyah has, among others, the following miscellaneous affinities :— 
English sun. English forehead. 
Ediyah ttoki. Ediyah tb 
Kongo utanga. Bullom l=head. 
English star. Kissi buleng=do. 
Ediyah jettewalle English “eye. 

Appa ttia. Ediyah nokko. 
Moko fete. Pessa natko. 
English stone Popo nuke. 
Rungo ido. English foot. 
Akuonga ntet. Ediyah dtkoto. 
Karaba itiut. Karaba ukut. 
English man. English arm. 
Ediyah bulah. Ediyah luboh. 
Kouri abalu. Akuongo uboh= 
English brother. English hand. 
Ediyah bunuuom. Ediyah biella 
Fantee munua. Mandingo  bulo. 
English head. Bambarra  Obulu. 
Ediyah etud. English bird. 
Tapua tah. Ediyah sinodi. 
Akuonga eti. Fulah sundu. 
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English sheep. English oil. 
Ediyah enchoddu. Ediyah beta. 
Ako aguta. Akuonga baut. 
Uhobo ogugedi. 


The Nufi Language.—Spoken inland to the back of the Ibo country, and 
conterminous with the Ibo, Yarriba, Howssa (?) and Fulah (?) languages. 

1. The Nufee vocabulary of Clapperton. 

2. The Nufee vocabulary of the Niger vocabularies. 

8. The Tapua vocabulary of Mrs. Kilham. Correctly conjectured by the 
editor of the Niger vocabularies to be Nufi. 

The Languages of the Gaboon.—The fullest vocabulary for these parts is 
a short glossary taken by M. Pacifique Henri Delaporte, on board the Afa- 
rouine corvette, from the mouth of Oino, nephew to the King of Gaboon. 

his is— 

1. Vocabulaire de la Langue Ponga. See Ménoires de la Société Ethno- 
logique, tome ii. 

2. Bowdich, Empoongwa Numerals. Identical with the Pongo of Dela- 
porte. 

3, 4, 5,6. The Sheekan, Kaylee, Oongoomo, and Oongabai numerals of 
Bowdich. Allied to each other and to the Empoongwa. 

7. The Rungo vocabulary of Mrs. Kilham. 

8. The Bongo vocabulary of Mrs. Kilham. 


English. Bongo. Kaylee. 
one uotu woto. 
two baba ibba. 
three balali battach. 
four banai binnay. 
five batan bittan. 


9. The following is an extract from The Progress of Ethnology, by J. 
Russell Bartlett, Corresponding Secretary of the American Ethnological 
Society. New York, 1847. It is preceded by the statement that the Ame- 
rican missionaries on the Gaboon River have framed a grammar of the 
Poongwee language, t.e. the language of those parts. ‘‘Itis one of the most 
perfect languages of which they have any knowledge. It is not so remark- 
able for copiousness of words as for its great and almost unlimited flexibility. 
Its expansions, contractions and inflections, though exceedingly numerous, 
and having, apparently, special reference to euphony, are all governed by 
grammatical rules, which seem to be well-established in the minds of the 
people, and which enable them to express their ideas with the utmost pre- 
cision. How a language so soft, so plaintive, so pleasant to the ear, and at 
thesame time so copious and methodical in its inflections, should have origi- 
nated, or how the people are enabled to retain its multifarious principles so 
distinctly in their minds as to express themselves with almost unvarying pre- 
cision and uniformity, are points which we do not pretend to settle. It is 
spoken coastwise nearly two hundred miles, and perhaps with some dialectic 
differences, it reaches the Congo River. How far it extends into the interior 
is not satisfactorily known.” 

The evidence of two words out of eleven, in the Mithridates, from Cape 
Gonsalvo Lopez, ot Cape Lopez, is in favour of the dialects of that district 
belonging to the languages of the present class. 

English. Cape Lopez. Tbo-Ashantee. 
eat horia ngora, Ibu. 
big pallie mpolo, Rungo- 
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A few pages back, in speaking of the country between Cape Palmas and 
the River Assinese, and again in respect to the Warree country, it was stated 
that, in the way of philological materials, we had “nothing; unless some 
vocabulary of which the geographical position is at present unknown belong 
to this locality.” 

This sentence is a practical commentary upon the fact that a great pro- 
portion of the African glossaries come ¢o our hands without any notice of 
the locality which supplies them. This puts the philologist upon the duty 
of determining the position of a language from either his own previous know- 
ledge or from internal evidence. Neither process is without complications. 
Numerous as are the dialects already indicated, the list is not exhausted. 
Only those have been mentioned which could be accompanied with the ad- 
ditional notice of either their geographical or their ethnological relations ; 
and that with some precision. There still stand over several other dialects, 
represented by different names. This makes it necessary to go again over 
the ground from Cape Mesurado to Cape Gonsalvo Lopez, and to notify those 
vocabularies, which, whether found in the Mithridates, or published since, 
are necessary for completing the materials for the philology of the great Ibo- 
Ashantee division. 

That they all belong to this class is nearly certain. They have all miscel- 
laneous affinities with the other languages belonging to it; and difficult as they 
may be to place under particular subdivisions, none present the phenomenon 
of isolation. 

The Kanga, Mangreeand Gien.—Allied to each other, as shown in the 
Mithridates; and having the following miscellaneous Ibo-Ashantee affi- 
nities :-— 


English man. English sun. 
Kanga Kanga yiro. 
Tapua baji. passa turo. 

; ru gutro. 
Kore wo. English feet. 
Kru tshos Kanga namboo. 
Bassa tsho. Bassa bo. 

j . English one. 
English child. Kanga aniandu. 
Kanga omannayt. Kru du. 
Bongo muana. Bassa do. 
Benin man. English two. 
English mother. Kanga aniassen. 
Kanga ni. Kru $a. 

Kru ni. Bassa 80. 
Bassa ni, 5c. English three. 
English woman. Kanga anieta. 
Kru ta. 
Kanga yuno. 
Kru, &c. niono. mse h tah. 
English father. Gien yinaa. 
nanee mi. Moko ania. 
mu mee English _ head. 
English head. Mangree tri. 
Kanga nandewi. Bassa dru. 
Kru dubo. Appa ttivri 
Timmani dabum. Ashantee oft. 
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English child. English woman. 
Gien no. Mangree auwee. 
Karaba ten. Ibu, &c. ua. 
English father. English water. 
Gien indaa. Mangree tichi. 
Tapua nda. Popo st. 


English man. 
Mangree laniu. 
Popo Sanu. 


The Fetu of the Mithridates, collected by Miiller, seems rather more closely 
allied to the Fantee of Bowdich, than to his Affootoo; although from the 
similarity of the names the contrary might have been expected. 


English. Fetu. Affootoo. Fantee. 
one wanni achoomee okoor. 
foo abien ennue abieen. 
three abiessan assah abiassah. 


The difference, however, between al] three is merely a matter of dialect. 

The prefix of the syllable a- in the Fetu and Fantee assimilates the nume- 
rals of these dialects to the Akkim and Kanga; whilst the Kanga glosses are 
rather Kru than Fantee. Complications of this sort are the rule rather than 
the exception in African philology. | 

The Amina of the Mithridates, closely allied to the Akkim and Akripon, 
is nearly, but not quite, the Amanahea of Bowdich. 


English one. Akripon emmoo. 
Amina onan. Amanahea enyow. 
Akkim } . ; 
Akripcn ehoo. id Einglish three. 
Amanahea  acone. Amina essa. 
Akkim biansang. 
English two. Akripon issan. 
Amina ennu. Amanahea = tsa. 


Akkim MIENNU. 

The Asianten of the Mithridates is the Ashantee of Bowdich. It is not, 
however, either the Kassenti, or the Issinese of the Mithridates ; as might 
possibly be expected from the similarity of names. | 

The Krepee of the Mithridates, probably the Kerrapay of Bowdich, bas 
the following miscellaneous I[bo-Ashantee affinities :— 


English arm. Ako ett. 
Krepee assiy. Rungo etue. 
Fantee insa. ; 

English eye. 
English leg. Krepee onuku. 
Krepee aye Popo nuku. 
Appa hat English fire. 
English ear. Krepee dio. 
Krepee otuh. Fot diu. 


Karaba adet. . 
Akuonga atu. id ee heal. 
Ibo ntti. Popo tah. 
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So has the Wawu ; which is, like the Kerrapay, a Dahomey language. 


English child. English head. 
Wawu anti. Wawu ngoru. 
Rungo oana. Ako ori. 
Ibu oata. English hand. 
English sun. Wawu be. 
Wawu yirri. Uhobo abo. 
Ako orung. 


The Calbra numerals, up to five, of the Mithridates are less like those of 
the Old Calebar than might be expected from the name. They are rather 
Rungo than aught else. 


English. Calbra. Rungo. Old Calebar. 
one , barne mori ket. 

foo ma mbani uba. 

three terre ntsharu itta. 

four ni ni ina. 
Jive sonni otani itien. 


Thus we have, in respect to the dialects quoted under either the name 
Calebar or one similar to it, the Calebar, Karaba, Calbra, Kerrapay, and 
Crepee ; whilst the Grebo is a name sometimes given to the Kru language, 
and whilst a portion of the Delta of the Niger is called Ikolobe. Yet the 
Karaba is more like the Calebar than it is to the Kerrapay, and the Calbra is 
less like the Calebar than is the Karaba. 

Finally, the Bongo is a name of the Old Calebar river; whilst the Bongo 
glosses are more particularly referable to the Gaboon languages, especially 


the Kaylee. 

English. Karaba. Kerrapay. Old Calebar. 
one ket eddee ket. 

two uba effee ebah. 
three ita eltong etah. 
four ina ennay enang. 
Jive itien altong etune. 
az itiaket adday eteoget. 
seven itiuba adrinnee eteawah. 
eight itiita ennee eteatah. 
nine itsoket indee unguet. 
ten ijodu owoo dooab. 


The Akuonga and Uhobo of Mrs. Kilham.—Knowing no other vocabula- 
ries under these titlea, I class them with those dialects whose locality haa yet 
to be determined. Probably they are the languages of the northern or 
western Delta of the Niger, ¢. e. of the Warree country, of which it has been 
stated that no certain vocabularies are known. Their ethnographical affini- 
ties, which may be collected from Mrs. Kilham’s tables, are with the lan- 
guages of these parts in general; but with the Karaba in particular. Besides 
this, there is. an Echein and a Boobies-Town in the district in question, which 
the names of the dialects would suit. 

Each name, however, is a specimen of the complication so often alluded to 
alreudy. The Yarriba language is called Ako; whilst words approaching the 
form Uhobo are current for several of the dialects in these parts. Besides 
the Ibo proper, there are the Yebu dialects of the Yarriba, and the Bubi of 

47. N 
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the Ediyah. Lastly, the Ibo of the Mithridates and the Ibo of Kilham dis- 
agree with each other, and agree with the Karaba in the following manner :— 


English. Ibo of Mithridates. Ibo of Kilham. Karaba of Mithr. 
sun anjau auu anjam. 
moon ongma ona omma. 
man made uoika mad. 
cence mook eeeeee mammoko. 
woman mai uai mangman. 
child unju uoata mantakri. 
Sather inna nna na. 

mother na ono neam. 
head issi isi issi. 

hand hukko eka okuh 
foot akkau okba akkau. 

one otuh na otub. 

two aboa abo abolam. 
three at too atu attoo. 


Now if we allow ourselves to believe that the key to these different powers 
of the word Jbu, &c. lies in the fact of a word so like it as bubi meaning friend 
(as it does in the Ediyah), we still have further complications. Yebu is, 
undoubtedly, the native name of the country from which D’Avezac collected 
his Yebu grammar, the language of that country being the Yarriba; whilst in 
the Senegambian languages we find a word similar to the Ediyah bud¢ with a 
similar power, i. e. applied to white men. 

English. Wolof. Mandingo. Fulah. Serere. 

white man _ toubabe toubabe toubabe toubabe. 
Oubabo means white in Bagnon and Feloop. 

The Moko of the Mithridates.—This differs from the Moko of Kilham. 
It has, however, miscellaneous affinities like the rest of the languages of this 
group. The Moko dialects are, perhaps, Benin rather than Ibo. 


English. Moko of Mithridates. | Moko of Kilham. 
sun eju* ania. 
moon affiam + ngol. 
man duwo manju. 

a eee iden se esse 
woman wan maut. 

_ child eyenowo manuma. 

father atteh ata. 
mother kakomo eni. 

head iboil lo. 

hand ononuba akaf. 
foot ugod ako§. 
one kea ahoh. 
two iba uba. 
three itta ala. 


The Kouri of Mrs. Kilham.—Miscellaneous affinities, as may be seen from 
the table. The Kouri has been mentioned before, as a language with which 
the Tembu appears to be more closely connected than with any other of 
the Ibo-Ashantee group. 


* Karaba of Kilham, ayu. ft Karaba of Kilham, affong. 
¢ Karaba of Kilham, ite. § Agreeing with Ibo and Karabe. 
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The Appa of Mrs. Kilham has the following miscellaneous affinities :— 


English 
Appa 
Woloff 
English 
Appa 
Popo 
English 
Appa 
Tapua 
Ibu 
Rungo 
English 
Appa 
Tapua 
Moko 
Ibu 
Benin 
Rungo 
English 
Appa 
Susu 
Bambarra 
Moko 
Benin 


bird. 
#30. 
ptshia. 
child. 
imbau. 
tapavu. 


come. 


English 
Appa 
Tapua 
Popo 
Kongo 
Fulah 
Ako 
English 
Appa 
Akuonga 
English 
Appa 
Tapua 
Kru 
Bassa 
English 
Appa 
Ibu 
Uhobo 
Timmani 
English 
Appa 
Tapua 
Howssa 
Ako 
English 
Appa 
Popo 
English 
Appa 
Kouri 
English 
Appa 
Akuonga 
English 
Appa 
Fanti 
Moko 
English 
Appa 
Moko 
Bongo 
English 
Appa 
Tapua 
Popo 
Bornu 
English 
Appa 
Rungo 


head. 
ture. 
ett. 
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English woman. English wood. 
Appa aot. Benin tue. 
Ibu “ai. Kra fs —free. 
Karaba aqua. Bassa tshu = tree. 
Uhobo aie. fahantee sdua tree. 
English wood. antee wndua = tree. 


The Ada Language.—Mentioned in the Mithridates ; bat with the notice 
of it accompanied by only the following three words :—Numbo hus puste= 
master of heaven and earth. As far as the name goes the Ada is connected 
with the Ediyah of Thompson. It is, however, an Ashantee or a Dahomey 
language; in which languages niumbo—sky or heaven. 

The Camancons Numerals of the Mithridates.—Nearest to the Akuonga; 
not to the Cameroons, as the name might lead us to expect. 


English. Camancons. Akuonga. 
one mo ema. 
200 ba epa. 
three melella bira. 
four meley minu. 
Jive matan bite. 


As the Gaboon languages are the most southern that will at present be 
considered, and as they are, in all probability, the most southern of the great 
group, the details whereof have just been exhibited, it is necessary to show 
their relation to the dialects spoken to the north. 

The numerals of the chief Gaboon vocabulary, the Pongo of Delaporte, 
are compared with the numerals of the African languages in general, in the 
10th number of the Classical Museum, p. 431. 

The Rungo of Mrs. Kilham has the following affinities with her other vo- 


cabularies ; the comparison being limited thereto :— 
English bird. English come. 
Rungo nioni. Rungo biaka. 
Thu nnona. Ibu bia. 
Kongo nuni. Howssa taka. 
Karaba tinue. Moko tak. 
Bongo uinoni. Appa bo. 
Moko non. Tapua be. 
Pessa wont. English drink. 
English basket. Rungo tonga 
Rungo tpamba. Akuonga nit. 
Akuonga mpo. Kouri nia. 
English carry. Kongo RUA. 
Rungo ruania. English ear. 
Ibu “ert, Rungo etue. 
Ako TU. Akuonga atu. 
English child. Karaba idet. 
Rungo oana. Ibu nh. 
Karaba fen. Ako eh. 
. Fot ti. 
English door. Popo to. 
ungo tqugi. 
Ibu s ehkuza. Bassa du. 
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tiaka. 
ukut. 
okba. 
ako. 
makuo. 
moku. 
huei. 
nuko. 
fowl, bird. 
ont. 
ahob. 


English 
Rungo 
Akuonga 
Kouri 
Fot 
Benin 
English 
Rungo 
Kongo 
Bongo 
English 
Rungo 
Howssa 
Pessa 
English 
Rungo 
Moko 
Bongo 
Benin 
English 
Rungo 
Akuonga 
English 
Rungo 
Kouri 
English 
Rungo 
Akuonga 
Ako 
Bullom 
Benin 
Fot 
Popo 
English 
Rungo 
Timmani 
Woloff 
English 
Rungo 
Karaba 
English 
Rungo 
Ako 

Ibu 
Akuonga 
Karaba 
Uhobo 
Kouri 
Bullom 
Bongo 
Ashantee 
Fantee 
Popo 


oat. 
mboni. 
mun. 

unoh. 
‘mb. 
mun. 
good. 
ombra 


zambi. 
shoumbt. 
hand. 
ment. 
anu. 
nure. 
heart. 
urema. 
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English oil. English stone. 
Rungo ahadi. Rungo tdo. 
Akuonga bauut. Akuonga niet, 
English pepper. Karaba ithut. 
Rungo togolo. English tree. 
Popo taki. Rungo treri. 
English pig. Uhobo ure. 
Rungo ungauoh. ‘Mandingo = #rt. 
Bongo guia. Susu urt. 
Moko ngo. Bambarra zirt. 
Beni ngo. Kossa ngurt. 
Fot Nit. Woloff garup. 
English sheep. English water. 
Rungo tdombi. ed0, 
Bornu dimi. Ruango agi. 
Bongo adomli. Kossa nge. 
Benin temba. sh “i 
English sleep. Hing i, ve 
Rungo leua. Fanee onuieh. 
Kongo lega. 

English speak. English woman. 
Rungo hamba. Rungo oantu, 
Moko ngamu. Kongo hentu. 
English star. English work. 
Rungo ogagunt. Rungo tanja. 
Bornu guna. Ibu ono. 
Ibu huondi. 


Now the name given, by the present writer, to this large and complex group 
has been taken from the two principal languages contained in it, the Ibo and 
the Avhantee. The Ibo-Ashantee group may best be etudied by taking the | 
Inta, the Acra, the Akvambu (?), the Dahomey, the Ibo, the Nufi, the © 
Yarriba, and the Gaboon languages as the representatives of its leading 
divisions. 

Of all the languages of Africa this group presents the most complications 
The short and fragmentary cliaracter of its vocabularies, the fact of ther 
being frequently collected from West Indian slaves, and the absence of atj 
geographical notification of their localities, are more prominent here than 12 
any other department of African philology. The special knowledge of the 
professed geographer has yet to be superadded to the more general researches 
of the ethnologist, before the materials already collected can take their proper 
degree of order and classification. The Niger vocabularies are, in the [bo- 
Ashantee class, of indispensable value. 

The order in which the languages are taken will now no longer follow the 
coast of the Atlantic. The affinities of the Ibo-Ashantee languages, as wel 
as of all the others already enumerated, are with the inland rather than with 
the southern parts of Africa; although the latter range of affinities exists. 

The languages of Soudauia may best be studied by taking the great inland 
lake Tchad as a geographical centre. Of Lake Tchad three countries form 
the shore :—Kanem to the north, Begharmi to the south-east, and Bornu (0 
the west. Of the language of Kanem I know no specimens. 

V. The Begharmi Language.—In the present state of our knowledge the 
Begharmi language must be considered as forming a clase by itself, consisting 
of a single language. 
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1. A short Begharmi vocabulary known to Adelung, and collected by 


Seetzen. 


2. A longer vocabulary collected by Denham. 


English. Begharmi of Seetzen. Begharmi of Denham. 

head dudjofiddengéh geujo. 

eye kaminja kammo. 

fou umminja amo. 

gumtepjenga njanja. 

one kidde keddy. 

two \ szab sub. 

three metta mattah. 

The Begharmi has, amongst others, the following miscellaneous affinities :— 
English mouth. Begharmi neema=wife. 
Begharmi tara. Bornu 
Takeli engiarr. English knee. 

English nose. Bégharmi hejee. 

Begharmi amoo Fulah koinka. 

Denka um. English — foot. 

English sun. Begharmi MANIA. 

Begharmi haya. Mandingo pile 

Born jangal. Wolof tank. 

ee wong Gonga, &c. chammo. 
nglish teeth. Fulah asanga=thigh. 

Begharmi nganah. Enalish | 

Bornu teeneeny. ng mouth 

Takeli nini. Begharmi = tara. 

. Appa §tiuri=head. 
English tongue. dru=head, §e. 
Begharmi agullenja English wood. 

Spiked Begharmi cheree 


Mandingo, &c. tri =tree. 


Boroom dannoo. English girl. 

Begharmi haro. 
English eye. Bornu faro. 
Begharmi kamno Tigré gual. 
Bornu wen English brother. 

ngams. Begharmi monjum. 
English woman. Fulah : =elder. 
Begharmi nee. minia= younger. 


VI. North and west of Begharmi lies the country called Bergoo. N.B. Not 
Borgho; which is a different district in the Howssa country. 

In the present state of our knowledge, the Bergoo or Mobba, language 
must be considered as forming a class by itself, consisting of a single language. 

1. A short Mobba vocabulary collected by Seetzen. Known to Adelung. 

2. The Bergoo vocabulary of Burckhardt. 

3. The Fur Wadai numerals of Hodgson. 

Dar Szaleyh, or Seleyh, or Saley is the native name. Borgo is the name 
given by the Darfurians and the natives of Kordofan. The people of Bornu, 
Fezzan, and the Moggrebyn merchants call it Waday. In Dar-Runga and 
Dar-Tama, provinces of Dar Szaleyh, a peculiar language is spoken. 
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The Dar-runga of the Mithridates is a short vocabulary collected by 
Browne. 

Besides which, Jiilg mentions the Voyage au Darfour, par le Cheykh Mo- 
hammed Ebn-Omar El-Tounsy. Trad. de ]’Arabe par le Dr. Perron, publié | 
par les soins de Mr. Jomard. Paris, 1845. 

The evidence of the Darrunga being more akin to the Mobba than to any 
other language is not conclusive. 


English water. English foot. 
Mobba andjy. Darrunga itar. 
Bornu angy. Darfur tar = 
English mountain, stone. English fire. 
Mobba hoduk. ' Mobba wossyk. 
Kensy kitta. Darrunga nissuk, 
Noub hitta. Shilluck maszie. 
English earth. English man. 
Mobba dordjeh. «+ Mobba kamere. 
Noub gourka. Bornu kam. 
English mother. inglish cow. 
Mobba tinyng. Mobba dayg. 
Bornu yany. Kensy tyg. 
Kensy eneygy- Noub tyga. 
Noub adeynga. 


VII. The Bornu Language.—Thirty languages are said to be spoken in 
the kingdom of Bornu. It is difficult to find room for them. The proper 
Bornu is conterminous with the Tibboo on the north, the Howssa on the west, 
and the Mandara (and probably others) on the south. The Bedie of the maps 
is probably the Affadeh of the Mithridates; and, if so, is a dialect of the 
Bornu. The Bornu vocabularies are— 

1. The Bornu of the Mithridates. 

- The Affadeh of the Mithridates. 

- The Bornu of Mrs. Kilham. 

- The Bornu of Denham. . 

- The Bornu numerals of Bowdich. 

. The Bornu of Burckhardt. 

. The Bornu numerals of the Annals of Oriental Literature, quoted by 
Prichard. 

8. The Maiha numerals of Bowdich. 

9. Lyon, G. F. A Narrative of Travels in Northern Africa. London, 
ON Renal de Ste Ve 

10. Recueil de Mémoires et Voyages, publié par la Société de Géographie. 
Paris, 1839.— Julg. mene P ome 

Klaproth, J., £ssai sur la langue du Bornou, suivi des vocabulaires du 
Begharmi, du Mandara, et de Timbouctoo. Paris, 1826.—Jiilg. 

For the Bornu languages, Mrs. Kilham’s list alone supplies the following 
miscellaneous affinities :— 


© b> 


IA HP 


English come. English drink. 
Bornu are. Bornu tas. 
Fulah aru. Fulah tar. 
English cow. Karaba uoh. 
Bornu pei. English eat. 
Fot mpoh. Borna bei. 


Tapua bée. 


English 
Bornu 
Howssa 
Kissi 
English 
Bornu 
Rungo 
Karaba 


English 
Bornu 
Fulah 
Ashantee 
English 
Bornu 
Ashantee 
English 
Bornu 
Kissi 
English 
Bornu 
Bongo 
English 
Bornu 
Fulah 
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father. 


English 
Bornu 
Ako 


English 
Bornu 
Benin 
Rungo 
English 
Bornu 
Howssa 
Bongo 
English 
Bornu 
Rungo 


hantama. 
hadtamu. 
star. 
guna. 
oga-guni. 
sun. 

hau. 

uke. 


water. . 
ngt. 

ndoh. 

Nt. 

nge. 


VII. The Mandara Language.—In the present state of our knowledge 
the Mandara language must be considered as forming a class by itself, consist- 


ing of a single language. 
1. The Mandara of 
London, 1826. 


Denham and Clapperton.— Narrative of Travels, &c. 


2. Recueil de Voyages et de Mémoires, publié par la Société de Géogra- 
phie. Paris, 1839. iv. p. 190-197.—Jiilg. 


English 
Mandara 
Yarriba 
Howssa 
Galla 


English 
Mandara 
Bornu 
Affadeh 
English 
Mandara 
Howssa 


ear. 
shimmak., 
summo. 
szemanko. 
burn. 
Jani. 
kana. 


English 


Mandara 


head. 


IX. The Howssa Languages.—The Howssa language, one of the most 
widely-spread in Africa, is conterminous with the Bornu on the east, and 
with the Yarriba and Nufi (?) on the south. Its extension north and west is 
undetermined. In the neighbourhvod of Sackatoo it is in contact with the 
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Fellatah. The Howssa glossaries, in 1812, were two in number, one for the 
Afnu, another for the Kashna dialect. 


English. Afnu. Howessa. 
water grua rua. 
man motin namizi. 
woman bavia matshi, 

ghurassa massa. 
one* deiyah dua. 
twot biu biu. 
three} ukku uku. 
hill dudsi tutu. 
gold dsienari sinari. 
cuy berni berrini. 


The later specimens of the Howssa language are— 

1. A few Howssa words in the Records of Captain Clapperton’s last ex- 
pedition to Africa. By R. Lander. London, 1830. 

2. The Haussa of Laird and Oldfield. 

8. The Haussa of the Niger vocabularies. Communicated by Captain 
W. Allen, R.N. 

4. The Howssa vocabulary of Mrs. Kilham. 

5. Schon’s Grammar of the Howssa Language. 

6. A short Howssa vocabulary by Hodgson. 

7. Kashna and Guber numerals ; quoted by Prichard from the Annals of 
Oriental Literature. 

8, 9. The Mallowa and Quolla-liffa numerals of Bowdich are Howsss. 

10. The Kallaghee numerals of Bowdich seem to be Howssa. 


English. Kallaghee. Mallowa. Quolla-liffa. Howssa. 
one gadee daia da diahi. 
two silill beyoo bue bu. 
three quan okoo okoo wuku. 
four oolloo odoo hodoo fudu. 
Jive vydie bea bakwee bere. 
six z00d00 seddah shida shidda. 
seven * etkassa becquay bockwa bocqua. 
eight shiddowka tacquass sidda tock was. 
nine woollaa tarra tarra turrah. 
ten woma gwoma goman gomar. 


X. The Sungai Language.—The Sungai is the language of Timbuctoo. 
No specimen was known to either Adelung or Vater. At present we have, 
under the title of Timbuctoo,— 

1. The Timbuctoo of Lyon. 

2. Timbuctoo of Denham. 

$. The Kissour of Caillié, with remarks by Jomard.—Journal dun Voyoge 
a Temboctou et a Jenné, &c. Paris, 1830. 

4. The Sungai or Suaing of Hodgson. 

5. The Timbuctoo of Adams.— The Narrative of Robert Adams. Londot 
1816. Anterior to Vater's Supplement. 

6, 7. The Sangsangdi and Timbuctoo numerals quoted by Prichard from 
the Annals of Oriental Literature. 

Particular difficulties complicate the language of Timbuctoo. The voca- 


* Deya, Kashna. t Biyu, Kashna, > Oku, Kashoa. 


¢ 
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bularies do not agree with each other. Lyon’s vocabulary differs from Den- 
ham’s, and Caillié’s from both. 

(a.) 
English. Timbuctoo of Lyon. § Timbuctoo of Denham. 
beard heti kabi. 
hand akhood kamba. 
water ami hary. 
wood esheri togoolee. 
(5.) 

English.  Kissour of Caillié. How Timbuctoo of Lyon. 
ase forka saki ehaid. 
bad fante mugui ferri. 
beard kabi gemeh heti. 
come ka sakka ka. 
drink nine sha ushti. 
eat lemiem tehi tai. 

nemodi idu aiti. 
Fre nonnez wuta ofi. 
hand lamba hana akhood. 
head komo kai agodi. 
horse bari dohki ais. 
house ho dahki bactoo. 
man harre namizi ahinda. 
meat ham nawa 32880. 
|) cc eee amo. 
milk oi nono alebbi. 
moon idou wata hitti. 
mouth mi bahki fetti. 
nose nini hantshi hosti. 
river hissa koramma bori. 
sleep kana kuana auti. 
emali kini-kini kanana katch. 
sun ouena rana ofitti. 
water hari rua ami. 
woman honi matshi afintoo, 
wood toucouri itatshi esheri. 


In respect to the discrepancies between the Timbuctoo of Denham and 
the Kissour of Caillié, difference is the rule, agreement the exception. Out 
of a considerable list of words common to the two vocabularies, the only 


ones that closely coincide are the following :— 


English. 
beard 


foot 
hand 
milk 
water 
earth 


gold 
wood 


Denham’s Timbuctoo. Kissour of Calllié. 


kabi 
kay 
kamba 
wah 
hary 
gunda 
oorah 
togoolee 


kabi. 
nakidi 
lamba. 
oi. 

hari. 
ganda. 
hora. ~ 
toucouri. 


The Sungai of Hodgson and the Kissour of Caillié coincide. 
Inthe comparison between Lyon’s Timbuctoo and Cuillié’s Kissour was 
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inserted a column of Howssa words. This was done because in some 
cases Lyon’s Timbuctoo coincided with the Howssa where it differed with 
the Kissour. In the paper submitted to the British Association in 1844, the 
Kissour and Howssa languages were placed in the same class; and in the 
twelfth number of the Classical Museum, some special affinities between the 
Kissour and Howssa were indicated. In the present arrangement, however, 
the two groups are separated. 

XI. The Fulah Group of Languages.—It is neceasary to enumerate the 
chief localities of the Fulah nation before any notice is taken of the lan- 
guage. The great extent of the Fulah area, the irregular distribution of 
the Fulah tribes, and the apparent isolation of the Fulah language, have drawn 
much attention and speculation to this branch of African philology. 

The Fulahs of Foota-torro.——On the southern bank of the Senegal, east- 
ward to the Woloff country, and extending from Podor to the confines of the 
Serawoolli language (Galam), is a country called Foota-torro. The natives 
of this country are called Foulahs or Peuls. Their complexion is lighter tha 
that of either the Woloffs or Serawoollies, from which reason they are some- 
times named the Red Peules. South and east of Foota-torry, the country of 
Bondou, between the Senegal and Gambia, is said to be’ Fulah. Here the 
language is conterminous with the Mandingo of Bambook. 

The Fulahs of Foota-jallo—Whether the Fulah of Bondou is continued 
southward without interruption is uncertain. It is certain, however, that st 
the sources of the River Grande, and to the north of Sulimana, we meet with 
a great Fulah kingdom, of which Timbo is the capital. This is the Fulah 
of Foota-jallo, or the Fulah of Tembu. 

The Fulahs of Massina.—Further to the eastward, far inland, and on the 
banks of the Joliba, between the two Sungai towns of Jenne and Timbuetoo, 
Park met with the Fulahs of Massina. Of the Fulah of Massina we find a 
short vocabulary in Mr. Hodgson’s Notes on Northern Africa, p. 75. A 
second vocabulary of Mr. Hodgson’s, given in his Appendix, slightly differs 

rom this. 

The Fulah or Fellatah of Sackatoo—At Sackatoo, within the limits of the 
Howssa country, the Fulah languages appear afresh. It is the language of 
the dominant nation in that town. Here, however, the current name is not 
Fulah but Fellatah. The Sackatoo Fulahs, the Fulahs of Howssa, or the 
Fellatahs, form, geographically, « second division of this wide-spread family. 

The Fulah or Fellatah of Borgoo—Filani.—In Sackatoo the Fulahs are 


the dominant nation. In Borgho, between Howssa and the Yarriba country, | 


where they also occur, and where the Fulah language is conterminovus with 
the Yarriba and Nufi, they are a subordinate race—tillers of the earth, and 
dependent labourers. 

Such are the remarkable phenomena of the distribution of the Fulah race, 
a distribution which is partially accounted for by their history and traditions ; 
inasmuch as, like the Turks of Asia, they have been a conquering people, 
and their extension over certain areas is said to have taken place within the 
historical period. Ethnographically, it coincides very nearly with the courses 
of the Senegal, and of the Upper and Lower Niger. The similarity between 
the names Fulah, Woloff, and Feloop, and Fellah has been already noticed. 

Grammars in the Fulah we have none. The glossaries are as follows :— 

A. The Fulah of Senegambia and Massina.—This includes the Fulah of 
Foota-jallo. 

1. The Fulah of the Mithridates—Barbot's and Mollien’s. 

2. The Fulah of Mrs. Kilham—That of the Niger vocabulary is stated to 
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be principally from Seetzen, but also from various other sources. As these 
are not mentioned, it is not right to assume that they differ from those 
already enumerated. The particular dialect of Mrs. Kilham's glossary is 
uncertain. 


3. Couper's Fulah.—A short vocabulary of the language of Massina, col- 


lected for Mr. Hodgson by Mr. C ouper.— Notes on Northern Africa, p. 74. 
4. Hodgson's Fulah.—Slightly different from the last ; but probably repre- 
senting an allied dialect.— Notes on Northern Africa, p. 105. 

5. ‘The Fulah of the Senegal vocabularies. 

6. The conjugation of the Fulah verb dagni=io have in the Grammaire 
Woloff of Dard. 

B. The Fellatah of Sackatoo. 

1. The Fellatah of the Mithridates—Seetzen.—Taken from a native of 
Ader, near Sackatoo. 

2. The Sackatoo of Lyon.— Travels, p. 185. 

C. The Fulah of Borgho—Filani. 

1. The Fulah of Clapperton.— 7ravels, vol. ii. 

2. The Fulah of Laird and Oldfield — 7ravels, vol. ii. 

The Fulah is one of those languages which have been separated from the 
rest by a, real or supposed, broad line of demarcation. 

The last remark to be made upon the Fulah language is the fact that its 
grammatical structure exhibits the ic or alliterational concord. 

Here end those languages of Central Africa which it is considered con- 
venient to place in the arrangement next to those of the [bo-Ashantee group. 
The letters A and Bin the Niger vocabularies supply the following resem- 
blances between the Mandingo, Howssa, and Fulah groups, as compared with 
each other, and with three Ibo-Ashantee languages :— 7 


English. Mandingo. 


Fulah Fantee Yarriba. Jbo. 
afloat inon, B® sa. casece YINNO. —cacececee —auneee ene 
afraid sira, B SOTU cee suru. dieses wee eee 
afterwards kola, wokola ...... eee anes inkiri, akiri, 1.0... 00 cceee 
against abey, Bon. secace tence te tne BWC, senses 
all bey = ececeene —neetee tee twene boadoa. ..... 
and QING =——reccceeee svete auni ONZ. = avaeee 
antelope a... ote eae ee eee Vélfiah = —sancennes nnn elli. 
QNY hen et eee abin nae ee 
GP kee ncecee = ene esee WANGU sere ceseee endu engwo. 
arrow binni = seeccecee nee eben, A offang. —sseeee 
awake kunu, Bo cecccceee ween ANi A. —saaceve cnn 
beat busa buga aaa BU, —teeeee wee 
bell eeeeee ene eneen ene adon ll eeneee atang 
belly Konno eeeecssee saves sus nnneee innoh. __..... 
bird essence sunsua Ct 0 eee 
bite king caaceeeee cence ka, seeeee aeteee 
blue kara he nweeees Korraul, ....cccce teense twee 
body fari, Bo ha ceceees Ccccns mace ees Ara. ss senues 
bone kk ase kashi la... asi, A, == ennee wenn 
bow kala buka békawal. 0.00... ceecee wate 
bow! kuna, B akushi kunawul  .,.....06 eevee aka. 
boy blak-oro, Bo ovarro geek cane nsec och-ore....... 
Grave aes r-shitsoro ...... bar-ima. 


XII. The Caffre Class of Languages.—The parts now taken are the 
* Words marked A and B are from the Ashantee and Bambarra languages respectively. 
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countries on the Atlantic, south of the Gaboon ; the corresponding portions of 
the eastern coast of Africa; and the Cape. 

It was known to Adelung that the languages of—1. Loango, 2. Congo, 
and 3. Angola, were closely allied to each other ; #. e. (to use his own illus- 
trations) in the same way as the English and Danish, the Castilian and Porto- 
guese, or even the Calabrian and Venetian dialects of the Italian. Hence all 
the dialects of the countries in question were classed under the common title 
of the Congo languages. 

It was also known that the grammatical affinity between these languages 
coincided with the glossarial ; in other words, the structure of the Loango, 


Congo, and Angola languages was known, and it was known to be the same — 


throughout. The data were as follows :— 

1. Observations of Proyart on the language of Loango, or Kakongo, in 
his history of that country. Paris, 1777. 

2. A Loango vocabulary of Oldendorp. 

S$. A Mandongo vocabulary of Oldendorp. 

4. A Camba vocabulary of Oldendorp. Closely allied to the Mandongo. 

5. A Congo vocabulary from the Aligemeine Historie der Reisen. 

6. A Congo vocabulary of Oldendorp. 

7. A Congo vocabulary of De Grandpré. 


10. Hyacinthi Brusciotti a Vetralla regula quedam pro difficillim: Conger 
stum tdiomatis facilior: captu ad Grammatice normam redacte. Rome, 1659. 


1. A Malemba vocabulary by Smith, botanist in Captain Tackeys 
Voyage to the Congo. Published as an Appendix to the Narrative. 

2. An Emboma vocabulary. Do. 

S. A few Malemba words occur as glosses in Bowdich’s Ashantee voca- 
bulary. At first I thought these represented the language of the River Ma- 
limba, near the Cameroons. They seem, however, to coincide more with 
the Malemba of Smith. 

4. A Congo vocabulary, collected in 1846 by Dr. Daniel. MS. This re- 
presents the language of Emboma. 

5. An Ambriz vocabulary, collected in 1845 by Dr. Daniel. MS. A 
dialect of the Congo. 

6. Sonho numerals, quoted by Prichard from Bowdich’s Portuguese dis- 
coveries. 

7. Banda numerals, quoted by Prichard from Bowdich's Portuguese dis- 
coveries. 

8. A Congo vocabulary by Douville.— Voyage d Congo. 

9. A Mogialoua vocabulary by Douville.— }oyage a Congo. 

10. An Abunda vocabulary by Douville.— Voyage a Congo. The Abunds 
or Bunda is the language of Angola. 

Now Douville’s voyage to Congo is a literary imposture, being concocted 
at Brazil. Nevertheless, his three vocabularies represent Congo languages; 
jest as his Inongo language was good Yebu. Three other vocabularies, how- 
ever, following the Congo ones, and named Ho, Bomba and Salo, are, I think, 
like the rest of the work—fictions. They are more like French or Latin 
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than any language in Africa. Possibly they were, in s 
tated by disguising French and Latin roots. 


Mogialoua. Abunda. Congo. Bomba. Ho. wh 
town anza banza itanza exez jaxe -" 
dead quiaffu quiaffu fua hoyox zalaz tahoyox, 
day sua quisua quilumbu _itaz hogiz mitaz. 
white lele mondele __bilele lox azez zaloz. 
black tombe alombe lombe arax nez arax. 
wood ntongu tongu tongu rozex quif frotex. 
house su monsa onsu ZAZAre laz varare. 
aky ulou maulou lou roze ZOZ roze. 
earth ochi jichi rei milox sonoz milozes. 
rain fala ula naxix amez naxa. 
river mucoco cangni mucoco nof nof nof 
mouth nua ricanu munaa loxez loxez loxez 

tue mutue ntu tox toz tox 
foot nama inama nama zabega be metabega 
hand macu macn cuaco afalag tafala tafalag. 
men riembu riembu embu uffutumaz muffutu mufuttumaz. 
se er muk-chima muc-ime cafulng tucurissaZ turissag 

t panchi npagal cat ag nosomas. 
husband _ malumi lami cuchilaz _—chilazui bantuguilay 

lecia molecca molecca quiocuz quiocuz quioz 

youth leke moleke moleke quiocuzez quiocuzaz quiocuzaz, 
woman mouaton mouatou  quentou vyuaa vuraa zembezaa. 
moon riegi riegi gonde vunzug tofag tosunzag. 
milk amona movamoua meoumsa tessag tequeta tessaga. 
fre tubia tubra tubia fulugeg lugezarag fulugesz. 
cold ribambi ribambi chioxi lungez lungeze lungez. 
hot cossa cossa mocassa = buaz buaz buraz. 
water masa megna masa lozaz lozaz lozaz. 
one rouchi mochi mochi tombi tombi mombi. - 
two fari iari sole inez zele magele. 
three tatou tatou tatou vioz vioz vios. 
Sour ouana ouana maia ilag lengu lengu. 
five tanou tanou tanou calez calez lucaz. 


11. The Masanja of Rugendas.—Collected at Brazil. Said to be spoken in 
the interior of Congo, and to the north of Benguela—Balbi; Introduction 
dl Atlas Ethnographique. The Molua of Balbi is probably the Mogialoua 
of Douville. Of languages called the Mina and Cassange mention is made, 
but no vocabularies are given. 

The distribution of these dialects over the countries of Loango, Congo, 
Angola and Benguela, is not accurately determined. For Benguela in parti- 
cular we require accurate information. 

The country of the so-called Jagas is a geographical blank extending from 
the southern limits of Benguela to Waalvisch Bay. The coasts of this last- 
named locality are inhabited by the Dammaras. Notwithstanding statements 
to the contrary, and notwithstanding the fact of the Dammara having been 
rrequently placed in the Hottentot class of languages, it is the special statee 
ment of Mr. Archbell, who has twice visited them, that they speak a dialect 
ofthe Sechuana.. 

The Languages of Caffraria-—The Cosoa is the language of the Amacosa, 
Amatembu, Amapondo and Amazulu tribes, and is spoken from the Great 
Fish-river to Delagoa Bay. The Sechuana is the language of the Bechuanas, 
or Vatwe, in the interior, and, as stated above, of the Dammaras on the coast 
of the Atlantic. Now it was not only known to Adelung tbat the languages-— 
1. of the Amakoosa Caffres, 2. of the Bechuanas, 3. and of the natives around 
Delagoa Bay were allied to each, but it was also surmised that languages 
more or leas akin to the Caffre were spoken as far northward as Quiloa. The 
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peculiar character of the Caffre grammar was also understood; it having 
been exhibited by Lichtenstein. The glossaries of the Mithridates are those 
of Lichtenstein, White, Sparrman and Barrow. 

Salt’s specimens for the Mozambique coast, of the Sowaiel, Makua, Mon- 
jou and Dos Santos languages, were published between 1812 and 1817, so 
that Vater saw more distinctly than Adelung the likelihood of the languages 
of the Mozambique and Zanzibar coasts being Caffre. 

The Sohili of the Zanzibar coast was compared by Vater with the Makua 
and Monjou. Its glossarial affinity with the Caffre languages was shown by 
Dr. Prichard. 

The glossarial proof of the relationship between the Congo and Caffre lan- 
guages was Marsden’s. The grammatical affinities between the two groups | 
were first indicated by Dr. Prichard. | 

At present, we have a considerable amount uf materials for the study of 
the Caffre of the Cape, and a fair amount for the Caffre of Mozambique and — 

anzibar. 

1. A Grammar of the Kafir Language. By W.B. Boyce, Wesleyan Mis- 
sionary. Graham’s Town. Printed at the Wesleyan Mission Press. 1834. 

2. The same. Second edition; augmented and improved, with vocabu- © 
lary and exercises by W. J. Davis, Wesleyan Missionary. London, 1844. | 

3. A Grammar of the Bechuana Language. By James Archbell, We:- 
leyan Missionary. Graham's Town, 1837. 

4. “In Kaffir the Wesleyan missionaries have printed several elementary 
books, have translated the whole of the New Testament, and three-fourths of — 
the Old. Isaiah, Joel, forty-five Psalms, two editions of the four Gospels, 
the Acts, and the Epistles of James, Peter, Jude and John have been alreads 
printed. A Kafir Dictionary is also in the press. The missionaries of the 
Glasgow Society have translated a considerable portion of the New Testa- 
ment, and have printed, in Cape-Town, an edition of the Gospel of Saint 
Matthew. The first elementary books in the Kafir language were printed by 

.the Glasgow missionaries; and a few pages of a vocabulary were printed, 
but never completed.”—Introduction to Boyce’s Grammar, p. xv. | 

5. “In Sechuana, the missionaries of the London, Wesleyan and Paris 
Societies have printed some elementary works. The Gospel of St. Luke has 
been translated and printed by the Rev. Mr. Moffat, the other Gospels by — 
the French missionaries.”"—Introduction to Boyce’s Grammar, p. xv. 

6. The Mutshuana of Cowan.—A few words. See Salt’s Travels. The 
same as the Sechuana. Known to Vater. 

7. The Briqua numerals.—Salt's Travels. Closely akin to the Sechuana. 
Known to Vater. 

8. Moffat R.—Bechuana Spelling-book. London, 1826.—Jélg. 

9. Bukaniane A. B. C. ha puo ea basato (A.B. C. Biichlein in der Sprache 
der Basuto). Kapstadt, 1889.—Jtilg. The Basuto is a tribe of the Bechv- 
anas. 

10. Casalis, Eug. ;—tudes sur la Langue Séchuana. Paris, 1841.—Julg. 

11. Nouvelles Annales des Voyages.—Paris, 1826.—Jiilg. | 

12. The Tzchoambo vocabulary of Rugendas.—Collected in Brazil. — 
Spoken in the interior of the Mozambique, near the Makuas. Placed by 
Balbi in the Caffre group.— Adas Ethn. 

13. The Matibani vocabulary of Rugendas.—Spoken, according to Balbi, 
in Inhambane.— Adas Ethan. 

14. Manica, Mokarango.—A few words in Prichard,—where also we find 
references to some other vocabularies for these parts, MS.and printed. The 
materials, however, are few for the parts about Inhambane, Sabia, Sofals, 
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and Botonga; in other words, for the parts between Delagoa Bay and the 

River Zambeze. The Portuguese libraries would probably supply much 

information. 

neta Mozambique Languages.—Of these the chief is the Makua ; for which, 
es 

1. The Makua and Monjou of Salt, known to Vater, there is,— 

2. The Makua of the Asiatic Society.—MS. Vocabulaire Francois et Ma- 
qououa, ou Recueil de quelques mots de langue Maquouoan. Commencé en 
Novembre, 1790. This was in the possession of Sir Alexander Johnstone. 
I have been allowed to avail myself of its contents. 

The Zanzibar Languages-—Here the information is almost wholly of 
recent origin. The Zanzibar language best known is the Sowaiel, Sowauli, 
Suwahili, or Sohili. 

1. Salt’s vocabulary—Very short. Known to Vater. Used by Prichard. 

2. Nouvelles Annales des Voyages. Paris, 1845. iii. p. 287.—Jtlg. 

8. A vocabulary of the Soahili language from the Memoirs of the Ameri- 
can Academy. Cambridge, 1845.—VJiilg. 

4. Sowaiel vocabulary —Bombay Geographical Transactions, 1844. 

5. The Suaheli of Krapf—Collected by Krapf in 1844. MS. in the library 
of the Church Missionary Society. A lexicon of 10,000 words, with gram- 
matical observations, and a translation of Genesis, the Gospels, and the Acts 
of the Apostles.—Of the translation of Genesis three chapters are published, 
with an introduction by Mr. W. W. Greenhough, in the Journal of the Ame- 
rican Oriental Society, vol. i. No. 111, 1847. Krapf's materials have been ex- 
amined, either wholly or partially, by the Chevalier Bunsen and Ewald. 
The former notified, at the Oxford meeting, the labours of Krapf in the So- 
hili, Wanika, and Pocomo languages, and also the existence of a Galla 
dialect as far south as the fourth degree. The latter has published in the 
Zeitschrift der Deutschen Morgenlandischen Gesellschaft, a paper, Ueber die 
Volker und Sprachen siidlich von Aethiopen. 

6. A Sowaiel vocabulary in Brown's Notes on a Whaling Expedition. 

7. Sohil of Leigh.—Soailese (Sowhylese, or Sohili) vocabulary, collected 
by John Studdy Leigh, Esq., on the east coast of Africa in 1837-39. MS. 

A year ago this vocabulary was kindly put into my hands by the author. 
Its general Caffre affinities were less marked in its glossarial, than in its 

matical elements. An analysis of the Pater Noster, compared with a 
tabulated vocabulary, proved this. It was less like the Makua of the Asiatic 
Society than was expected. Nevertheless, it had undoubted affinities with 
that language. . 

8. The Quilimani Language.—A short vocabulary in the MS. last men- 
tioned. Allied to, but not identical with, the Sohili. 


English. Quilimani. English. Quilimani. 
Man mulubuana. ears _ maro, 
Woman mujana. teeth ’nlume. 
girl namuale. chin erelo. 
boy mpale. body man(tipgo 
son muana. hands mada. 
daughter muana-muyana. Jingers buno. 
whiteman azungo. nails vidla. 
head *msoro. leg miendo. 
hair "ptiti. feet maiialo. 
eyes meto. stomach mimba. 
nose pano. belly imbane. 


9. The Wanika of Krapf.—A short specimen in Ewald, Ueber de Volker, 5¢- 
10. The Wakamba of Krapf—A short specimen in Ewald, Ueber ¢ 
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Quilimani. 
morima. 
mulooa. 
licota. 
cove. 


nama-wanjombi. 


nama-g Gl e 
mucate. 
mainge. 
muna. 

Gha. 


mucfcé-wanjombi. 


4lbooga. 
nama. 
macura. 
chululo. 
mazal. 
mujianga. 
gio. 
cera. 
majuamanda. 
mifanga. 
macira. 
‘alpingo. 
numba. 
albene. 
parato. 
musuo. 
fumba. 
cugulo. 
cadeira. 


- mega. 


cingano. 
musife. 
candeirirho. 
bado. 
saramba. 
milago. 
'nzfa. 
muére. 
nénére. 
muzoque. 
tulo. 
‘njaze. 
nadhatla. 
odulo. 
unferno. 
mulo. 
elabo. 
velabo. 
pevo. 


English. Quilimant. 
winter or . 
rainy season} monaya macica. 
low-water clade. 
smell onfica. 
gold darama. 
iron mujila. 
brass otare. 
stone muara. 
land mataca. 
mud marove. 
year (mew) muaca. 
day muanga. 
soldier masurdado. 
trowsers calacao. 
cap rabuso. 
sword supéda. 
musket fute endimfa. 
pistol fute. 

popo. 
lance mualago. 
bow Gira. 
arrow méve. 
fowl ca. 
duck mabata. 
tion podogorme. 
tiger naruga. 
dog manambua. 
cat ca. 
rat machilfi 
elephant do. 
hyena namogoonoo. 
buffalo nare. 
py gala. 
bull gombe. 
snake noa. 
hippopotamus tomando 
lizard aljaciico. 
Jish somba. 
shrimps micamba. 
frees, wood =s mre. 
cocoa-nué tree muaze. 
grass 
straw mane. 
hay } 

mire 
orange-tree muraranja. 
cold orida. 
dry eaima. 
dirty opighida. 
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Volker, 5c. The Wanika and Wakamba are conterminous with the Galla 
on the north, and the Sohili on the east. 

11. The Msegia of Krapf.—A short specimen in Ewald, Ueber de Volker, 
5c. The Msegia inhabit the coast opposite the island of Zanzibar. 

12. The Pocomo of Krapf; mentioned, for the first time, by the Chevalier 
Bunsen at the Oxford meeting. 

K 13. The Msambara of Krapf. MS. Tabulated, and so shown to be 
\affre. 

14. The Ukuafi of Krapf.—A short specimen in Ewald, Ueber de Volker, 
gc. Conterminous with the languages last mentioned. Ewald’s paper, which 
seems to have been written without a knowledge of either the Caffre gram- 
mars of Boyce and Archbell, or of the opinion of Prichard on the Sohili, 
‘gives a table of these four languages and of the Suaheli. The Ukuafi is by 
far the most unlike of any. The others are closely allied to each other and 
to the Suaheli. The Suaheli of Krapf and the Sohili of Leigh coincide. 

15. The Mobilian of Herbert.—Taken by Herbert in 1677 at Mobilla, 
one of the Comoro Islands, between Madagascar and the Continent. Although 
very short, and in the words of the author a mtsh-mash of Arabic and Por- 
fuguese, it is shown by the following two words to be African and Caffre 
rather than Madagascar and Malay :— 


English. Mobilian. Caffre. 
ox gumbey komo, Coossa. 
water mage maze, Makua. 


The language also of the island of St. Johanna is African, not Madagas- 
car.—— Pri . 

Between the Caffre language and the other languages a broad line of de- 
marcation has generally been drawn. 

The peculiarities, indeed the so-called characteristics, of the Caffre gram- 
mar are objects of great prominence in African philology. These consist 
O[—. 

1. The system of prefixes. 

2. The euphonic or alliterational concord. 

A. The System of Prefixes.—In the following words,—umtu=person, 
thashe=horse, inkosi=captain or chief, isicaka==servant, usana=zinfant, 
walambo=river, wbuso=face, akutya=ford, abantu=people, amazwe= 
Words, inkomo=cattle, imiti=trees, the letters printed in italics are wholly 
non-radical. Adventitious, however, as they are, they occur before almost all 
the Caffre substantives, and are, practically speaking, inseparable. Without 
them, the noun would appear like a Greek crude root, ¢. e. such a form as 
doy- cpvc8-, & root minus its concomitant inflection. Yet the Caffre prefixes 
are not inflections. ‘They are elements of composition. So necessary, how- 
ever, is the incorporation of this adventitious element, that new words like 
priest and pharisee, &c. take it, and become umpriest, wmpharisee, when in- 
troduced into the Caffre scriptures. 

A measure of the importance of these prefixes may be found in the following 
sentences from Boyce’s Caffre Grammar :— 

a. “ Nouns are distinguished by pre/izes.” 

b. “ The prefixes are numbered according to the number of the declension 
of the noun to which the prefix belongs.” 

c. “ The whole of the grammatical construction of the language depends 
upon them ” (4. e. the prefixes). 

Verbs and adverbs are converted into nouns by the addition of prefixes. 

02 
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Certain prefixes have a singular, others a plural power. 

The system of prefixes is nearly the same, even in detail, for both the 
Caffre and Sechuana. 

B. The Buphonicor Alliterational Concord.—Several of the syntactic rela- 
tions between two words in Caffre are expressed in the following remarkable 
manner. Zhe word governed changes its initial letter into either the inital 
letter of the word that governs, or one allied to it. Thus if the English syntax 
was the same as the Caffre, we should say instead of 


sun's beam ...+...+2... un beam. 
father’s daughter ........father faughter. 
man’s dog ........ o0.. » Man mog. 
people’s leader ..........people peader. 


and so on. In this case, the initial of one word would determine the initial of 
a . : 
Such is the rule of the Caffre euphonic concord; with this addition, viz 
that the prefix is part of the word ; so that it is the prefix rather than the 
word itself which influences the alliteration. 

1. The prefixes 2 and wm determine that the words in a certain syntactic 
relation to them, shall change their natural initial into w,—umtu welizwe=a 
man of the country. 

2. The prefixes ¢ and il determine that the word in a certain syntactic 
relation to them, shall change their natural initial into —thashe Jenkosi= 
horse of the captain. 

3. The prefixes i and tm determine that words in a certain syntactic 
relation to ie opal change their natural initials into y,—txkosi yabanto= 

7 . 

So on throughaut. The letter which the prefix of the governing word re- 
quires to be the initial of the word in construction with it is called its eupho- 
nic letter; so that w is the euphonic letter of w and wm, lof ¢ and 2h, y of u 
and tm, &c. 

Now if languages were, like crystals, determined by their external form, 
and without any respect to descent or affiliation, the phenomena of the 
system of prefixes, and of the euphonic concord, would be characters of great 
value in separating any language in which they occurred from any in which 
they did not. At present it is sufficient to say that they do not occur in the 
Caffre languages only. 


A third point in the Caffre language is suggested by certain forms occor 


ring in Ewald’s table. In the Suaheli, the Wanika, and the Wakamba, the 


plural form=men is simpler than the singular form=man.—Singular mix, 


mutu, mundu ; plural watu, atu andu. Now, not only is it 2 priori likely 


that, in certain instances, the expression for individualizing particular objects — 
may be subsequent to the expression for a collection dealt with as unity, but, 
in two languages, the Welsh and Arabic, the actual phenomenon of a singular _ 
formed from a plural has been recognised ; just as, in English, the word | 
wizard derived from witch isa particular instance of a masculine form being — 


derived from a feminine one. 


XIII. The Hottentot Language.—The course of the Orangé River illo | 


trates the area over which the Hottentot languages are spoken. On the 
south they are conterminous with the Dutch and English of the Cape, by 
which their more extreme dialects have been displaced. On the east and 
north-east they are bounded by Bechuana and Caffre dialects of the Caffre. 
The Namacqua, which is a Hottentot language, is spoken on the shore of the 
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Atlantic on both sides of the Orange River. The Dammara of Walvisch 
Bay is by some considered a Hottentot, by some a Caffre tongue. 

Compared with the scantiness of our information concerning other parts 
of Africa, the knowledge of the Hottentot class of languages, at the date of 
the Mithridates, was considerable; what was known being known chiefly 
through the Dutch missionaries and the early travellers. 

The glossaries in the Mithridates are— 

1. For the Corana dialect.—A short vocabulary of Lichtenstein. 

2. For the Saldanha Bay dialect.—A short vocabulary from Hervas. 

3. For the Saab or Bushman dialect— A short vocabulary of Lichten- 
stein. Although the prominent points of difference between the Bushman 
and the other Hottentot dialects were known to Adelung, its real Hottentot 
character was decidedly insisted on. 

4. For the Hottentot language in general.—Short vocabularies by Spar- 
man, Thunberg, Ten Rhyne, Witsen, Kolbe, Barrow. 

5. A Pater-noster from Witsen. 

6. A Catechism by Van der Kemp. 

7. A Pater-noster in the Corana, from Campbell's Travels in South Africa. 
London, 1815. 

8. The four Gospels in the Namacqua dialect, by the Rev. Mr. Schmelen 
of the London Missionary Society. Printed by the Bible Society.—Boyce’s 
Caffre Grammar, Introduction. | 

9. Of the Hottentot we find a few words in Herbert's Travels, a.p. 1677. 
They are called Souldanian ; and were probably taken at Saldanha Bay. 


English. Souldanian. Hottentot. 
one itswee qua. 
two istum kam. 
three istgwunby gona. 
four ~ hacky hakka. 
Jive croe kurrub. 
hat twubba kabaab. 
nose tweam quoi. 
water chtammey tkamman. 
woman traqueosh quaischa. 
The Hottentot is one of those African languages which has been separated 
from the rest real or supposed, broad line of demarcation. 


XIV. The tan Class of Languages.—The Nile from the cataracts to- 
wards its source, is the best guide for the languages of Nubia and Abyssinia. 

1. Immediately south of Assuan is the country called E] Kenuz. Of the 
dialect there spoken we have a vocabulary in Burckhardt’s Travels in Nubia. 

The Kensy is the north Nubian dialect. It is also a Barabbra, or Berbe- 
tine dialect. The Kenuz of Nubia is conterminous with the Arabic of 
Egypt on the north, and with the Bisharye dialects on the east. 

2. The Wady Nuba lies immediately to the south of Kenuz. Of the dialect 
here spoken we have also a vocabulary in Burckhardt. 

3. The Dongolah of Cailliaud.— Voyage @ Meroe, &c. Paris, 1826. 

4. The Routana of Eusebe de Salle.—Journal Asiatique, 1840, vol. x. 
The Rouéana, as the name of a language, is probably the same as the word 
Ertana, in Lyon.—The Arabic name for what is considered a patois. 

5. The Noby of Eusebe de Sdlle.—Jbid. 

6. The Nubian of Costaz.—Jbid. 

7. Minutoli, J. H. H.—Reise zum Tempel des Jupiter Ammon und nach 
Ober-Zgypten. Berlin, 1827. 


198 REPORT—~—1847. : 


8. The Jebel Nuba of Holroyd.—Journal of Geographical Society. 

The Kenuz, Noub, and Dongolah form the Nubian Proper, or the Nubia 
of Nubia. On the west they are conterminous with the Ababdie, Bisharye, 
and Beja languages. 

For the northern part of the country between the junction of the Tacazz, 
and the confluence of the Bahr el Azrek with the Bahr el Abiad, Bisharye 
dialects arespoken. The southern portion is the frontier of Abyssinia. The 
Babr el Abiad leads towards the Shilluck country, and to the parts between 
Kordofan and Sennaar. 

1. Of the Shilluck we have (1) a short vocabulary by Seetzen, in the 
Mithridates, and (2) a longer one by Riippell. 

The root Shilha seems to be the second element in the name of the Mobba 
country (Dar-saley), and possibly in that of the old African tribe Ma-ssy/. 

2. The Denka is a language conterminous, on the north, with the Shilluck, 
and allied to it. 

a. Riippell’s Denka vocabulary. 

6. Unpublished materials for the Denka language are in the possession of 
Dr. Lawrence Tutachek, collected by his brother and himself from a Denka 
youth purchased at Alexandria. 

3. The Takeli—Probably conterminous with the Shilluck on the east, and 
with the Koldagi on the west. 

a. Riippell’s Takeli vocabulary. 

b. Tutschek’s Tumali—One of the youths just mentioned was of the Umal 
or Tumali nation ; and his language has been studied by the Tutscheks. A 
few words with which Dr. L. Tutschek favoured the present writer induce 
him to consider the Takeli and Tumali as allied dialects. 


1. 

Tunak Dnguag e. 
ngét, eye. leng, star.’ 
unde, blind. g"mén, quick. 
dgift, mountain. dne, sun. 
umt, servant. tom, forehead. 
b'rr, earth. osme, to sit. 
dgdnu, ass. tri, sheep. 
1bé, fire. tom, to 
uyadnu, woman. all'ngan, } stone. 
“ik*n, green. endien, sister. ww 
uré, heart. ume, servant, slave. 
d*babt, hair. dg, daughter. 
d°k, heaven. lun, people. 
alkreué, hill. elidg, wood. 
abdok, cock. JSeneande, to weep, cry. 
ngeting, to hear. ang*k, to know. 
wt, . » head. 
dgarun, \ child. “ia finger. 
éli, little. bdba, father. 
rok, dead body. bérlok, whip. 
orm, man. dgideng, brother 
ndgér, mouth. a'r, back. 
dod, language. ét, yes. 
ing°n, name. Sindull, lip. 
dgigah, girl. flan, cow. 
m*rtd, horse. Sis, fig. 
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gidyét, man. ih, skin. 
Airz, oil. m°n, female breast. 
hiya, blood. mbo, knee. 
3fz, flesh, meat. we"stk, iron. 
tr"m, black. na*ta, free. 
inna, mother. ndom, old. 
i, egg (plur. i, or Até). ndok, neck. 
I"m, shadow. ngai, water. 
(2.) 
English Tumaii. Takeli. 

woman nyanu yane. 

mouth ndger engiarr. 

horse marha raurda. 

star leng lain. 

sun ane ani 

Ft ibi ebe. 


Te 
With Beke’s and Mrs. Kilham’s tables, the Tumali of Tutschek has the 
following miscellaneous affinities :-— 


(3-) . 
English. Tumali. Beke’s Vocabulary. 
earth barr afar, Gafat. 
sun &ne ainehei, Kaffa. 
mountain dgibi dubba, Falasha. 
wood elidg ilgia, Shankalla of Agaumider. 
Jire ibe ibidda, Galla of Guderu. 
child dgarum garro, Yangaro. 
forehead tom - damoa, Gafat. 
back d'r djirba, Waag-Agau. 
black irum chiro, Yangaro. 
(4) 
English woman. Moko ania 
Tumali RYAN. Timmani nei. 
Sia ner English _ head. 
MORO. Tumali adg. 
Popo nan. Tepua et 
Kissi | lanu. " . 

. po fas. 
English child. English 
Tumali agaruin. ngs water. 
Susu > am Tumali nga. 
Howssa jarn. Kossa nge. 

. Kru ni. 
English little. Bassa niieh. 
Tumali eli. Tapua nuuo. 
Enlist aloal. Fulah ndium. 

is sun. . 
Tamali nt Wolof ndah 


What follows, on the Tumali languages, are in the words of Dr. L. Tut- 
schek himself. 

“The verb seems in the Tumali language, as almost in all Janguages, to be 
the root of many of the other parts of speech ; the ramifications of a verbal 
root into the department of nouns, adjectives, and adverbs are, indeed, some- 


200 REPORT—1847. 


times quite astonishing. I do not yet know whether there exist different con- 
jugations, and if so, which are their characteristics; but of this I am sure, that 
the number of forms derived from one verbal root is very great in some cases. 
As a specimen for the conjugation of a good many verbs the following my 
serve as examples :-— 


Paradigm of the Tumali verb: Andek, to go. 


PRESENT. 

S. ngi yandek, J go. Pl. nginde nandek, we go. 
ngo wandek, thou goest, dc. ngonda ngonduk, ye go. 
ngu andek, he goes. ngenda kandek, they go. 

| PRETERIT. 

S. ngi yendek, I have gone. Pi. nginde nendek, we have gone. 
ngo wendek, thou hast gone. ngonda ngendek, ye have gone. 
ngu endek, he has gone. ngenda kendek, they have gone. 

Future. 
S. nge yondukrungen, J will go. Pi. nginde nondukrungen, we sill go. 


ngo wondukrungen, thou wilt go. ngonda ngondukrungen, ye swill go. 
ngu ondukrungen, he will go. ngenda kondukrungen, they will go. 
Negation. 
The negation is expressed by prefixing to the root of the verb the letter é, 
and at the same time by affixing the auxiliar verb en, to be, throughout al 
tenses, numbers and persons; for instance :~— 


PRESENT. NEGATIVE. 

S. ngi yedi, J put. Pres. ngi kede-yen. 
ngo wedi. ngo kede-wen. 
ngu edi. ngu kede-en. 

Pl. nginde nedi. Pl. nginde kede-nen. 
ngonda ngedi. ngonda kede-ngon. 
ngenda kedi. ngenda kede-ken. 

Future. NEGATIVE. “ 

S. yedirungen. S. kediyarkrungen. 
wedirungen. kediwarkrungen. 
edirungen. kediarkrungen. 

etc. etc. 


The affirmative form of the Preterit of this word I do not know ; but I find 
in my manuscript the negative form marked thus :— 


PRETERIT. | 
S. ngi kedeyirin. Pl. nginde kedenirin. 
ngo kedewirin. ngonda kedengurin. 
ngu kedeirin. ngenda kedekirin. 
Paradigm of the Tumali auziliar verb: En, to be. 
PRESENT. 
S. ngi yen, Zam. Pl. nginde nen, we are. 
ngo wen, thou art. ngonda ngon, you are. 
ngu en, he, she, it is. ngenda ken, they are. 
PRETERIT, 
S. ngi yirin, have been. Pl. nginde nirin, we have been. 
ngo wirin, thou hast, Sc. ngonda ngurin, ye have been. 


ngu irin, he has been. ngenda kirin, they have been. 
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Fortune. 

S. ngi yarkrungen, J shall be. Pi. nginde narkrungen, we shall be. 
ngo warkrungen, thou shalt, &c. ngonda ngarkrungen, ye shall be. 
ngu arkrungen, he shall be. ngenda karkrungen, they shall be. 

PRONOUNS. 
a. The personal pronouns are— 
ogi, J. nginde, we. 
ngo, thou. ngonda, you. 
ngu, he, she. pgenda, they. 
b. The possessive pronouns are enelitic :— 
ring, my. TiD, Our. 
rong, thy. ron, your. 
rung, his, her. ren, thetr. 


c. The demonstrative pronoun is— 
re, this, enclitic, appearing in the forms rean, reki, reanen, reanenki. 
d. The interrogative pronoun is daki? who? né? where? ngak? how ? 


NuMBERS. 
l. tnla. 2. ‘rko. S$. ndtté. 4. arm. 
Noons. 
There is no declension of substantives in cases; but the cases are expressed 
by prepositions or postpositions, or by possessive pronouns. 
The Genitive, for instance, is sometimes expressed by the possess. pron. 
no re &c., asin the following case :—Mat Dos‘kre RUNG ing‘n menam 


The dative and accus. are expressed by the prep. and postp. da. 

The abl. of the instr. by the postp. men. 

The plural is formed by prefixing to the noun the consonants h, y, s, 5, 
and perhaps others. A rule for the choice of them I do not know. I find 
the plur. of fé, fruit, for ex. i bik ee safét ; men, thing,.plur. A*men, 
s'men; inta, one, pl. hinfa, stnta, binta, dginta; the latter two forms bear the 
mark of inclination to the first letter of the substantive. 

Adg utru, pl. hadg hutrun ; dgigat, girl, forms its plur. ngingat ; but I do 
hot believe that this is the only plural form in use. 

The plural is often expressed by doubling the substantives. In a speci- 
men of the language is to be found such a case :—fdé fddanau h'm*lé hie 
hirin, lit. tree tree upon red had not grown. 

PREPOSITIONS AND PosTProsITIONs. 

Do—a prep. meaning of, above, over; dotan, of the people, over the people. 

Da—es prepos. and dan as postp. has many meanings : of, from, upon, at, 
out of, in, by, over, whilst, for, before, with. ides, it serves to express the 
dative and aceusative, and by the same a good many adverbs are formed. 

.: towards, to, at. 

Deling—postp.: upon, over, thereupon. 

Men—postp.: with; also used to express the ablative of the instrument. 

Ngen—postp. : of, from. 

As my brother did in the Galla language, I hope myself to discover in the 
Tumali the rule according to which a primitive verb has the property of pro- 
ducing, by affixing syllables or by altering the ending of the root, new verbs 
which are different modifications of the primitive signification of the radical 
word. Indications for the existence of such a rule are— 

tag y’rna, I stand. 

ag: ya‘rnindi, I make to stand, I cause to stand, I put (causative f.). 
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ngt yosme, I sit. 

agi yosmind:, I cause to sit, I place. 

Other forms whoee meaning is still unknown to me are,—ngi yikosi, of 
which proceeds ngi yi from ngs yaso, ngi &c.” 


ngi yasodga, eo.” 

‘. The Shaboon.—South or south-west of the Koldagi.—Riippell’s Voc- 
bulary. 

5. The Fertit——South or south-west of the Shaboon ; indeed the most 
southern language for these parts, with which we are acquainted.—Riippells 
Vocabulary. 

6. The Koldagi.—This is the language of Kordofan. Riippell first ar- 
nounced an affinity between the Koldagi of Kordofan and the Nubian Proper 
of Nubia.—Rippell’s Koldagi. 

It is considered that all the languages above-named are allied to each other 
and to the Koldagi, which is allied to the Nubian of Nubia. Furthermore, 
the present great group is believed to comprise the language of Darfoor. 

Besides the single Darfoor vocabulary of the Mithridates, we have— 

1. The Darfoor of Salt. Known to Vater. 

2. The Darfoor of Kiénig.— Recueil de Voyages et de Mémoires de la So- 
ciété de Géographie, tom. iv. Paris, 1889. 

§. The Darfoor of Riippell. 

4. Voyage au Darfour par le Cheykh Mohammed Ebn-Omar El-Tovasy. 
Traduit de? Arabe par le Dr. Perron, publié par les soins de Mrs. Jomard. 
Paris, 1845—Jilg. 

5. Scholtz, J. M. A.— Reise in die Gegend zwischen Alexandria und Ps- 
retonium. Leipzig, 1822.—Jiilg. 

XV. The Fazoglo Languages.—The details of the languages to the esst of 
Kordofan and Darfoor, and to the west of Abyssinia, as well as the distribution 
of languages in the great country of Sennaar, are very imperfectly known. 
Two vocabularies form the sum of our materials. 

1. The Qamamy] of Caillaud.— Voyage a Meroe, Se. 

2. The Fazoglo of Tutschek.—Until the meeting of the British Association 
at Oxford, the Qamamy] of Caillaud had no manifest affinities with any Affi- 
can language. It had, however, been placed in the Nubian group in 184, 
provisionally ; perhaps upon insufficient grounds. A short vocabulary, hov- 
ever, of the same length with that of Tumali, supplied by Dr. Tutechek, shows 
that the Qamamy] is a Fazoglo dialect. 


English. Fazoglo. Qamaimyl. 
head allo alo. 

eye are arche. 
brother agudi mako. 
rock bar belai=Atll, mountain. 
hair buss pouche. 
stone bele bela. 

run buna kabaly. 
red beni guibeni. 
blue bubugo mily. 
arm boe piyait. 
river dale dely. 
cold disht akachy. 
milk err hier. 
child gua kachuga. 
back gundi coudy. 
serpent goria oria. 


blood gaua kafar. 
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At present the Fazoglo stands as the representative of a group likely, for 
reasons appearing in the sequel, to be increased. 

The Fazoglo has the following affinities with the vocabularies of (1) Riip- 
pell, (2) Kilham, (3) Beke. 


I. 


English ear. 
Qamamy! tlai. 
Koldagi uilge. 
English nostril. 
Qamamyl amoo. 
Denka oum= 
English water. 
Qamamyl £(fié. 
Denka fiou. 
Shilluck Si 

Il. 
English stone. 
Qamamyl bela. 
Bambarra beles. 
Mandingo beri. 
English sun. 
Qamamyl mondzo. 
Rungo ormande. 
English eye. 
Qamamyl 
Uhobo are. 

Il. 
English grain. 
Qamamyl moune. 
Gonga madjo. 
Guderu Galla medhan 
English egg. 
Qamamyl fasolo, 
Gonga ankulalo. 
English head. 
Qamamy! 
Kaffa hello. 
English fly. 
Qamamy]l koron. 
Yangaro kura. 
English moon. 
Qamamy] j 
Gonga azicha. 
English earth. 
Qamamy} saka. 
Woratta saha. 
Kaffa showo. 


English ' breast. 
y 

Takeli erow. 

Darfoor kera. 

English fire 

Qamamyl mo 

Denka 


Denka riub 
English hog 
Qamamy]! 

Congo guru 


Bullom kil. 
English ear. 
Qamamy]! ilai. 
Pessa welt. 
Kossa ngoli. 
English village. 
Qamamyl heza 
Kaffa Reto. 
Woratta hetsa. 


English child. 
Qamamyl hachouga. 
Woratta guésaha. 
English girl. 
Qamamyl mouchan 
Woratta machinat. 
English friend. 
Qamamyl mago. 
Gallaof Guderu nuchsu. 
English knife. 


Qamamyl hagy. 
halia. 


Fulasha c 
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English knife. English butter. 
W. Agau karra. Qamamyl erokoshi. 
Ag. of Agaum kari. Wolaitsa okissa. 
Gafat karish. 


XVI. The Bisharye Language-—The language between the Nile and the 
Red Sea is a separate and a peculiar language—the Beja, Bisharye, or Adare. 
The northern part of the old so-called island of Meroe, the great curvatare 
of the Nile, and the sea-coast from Kosseir on the north to Abyssinia on the 
south, form the Beja, Bisharye, or Adareb localities. The vocabularies are— 

1. The Bisharye of Salt.—Known to Vater. 

2. The Bisharye of Burckhardt. 

8. The Suaken of the Mithridates. 

4. Nouvelles Annalesdes Voyages. Paris, 1820. Tom. vi.—Jiilg. 

The short Suaken vocabulary of the Bisharye is shown in the Mithridates 
to have affinities with the Argubba, a Tigre dialect of Abyssinia, as well as 
to contain some Darfoor words. 

The more probable affinities are with the Coptic, as stated by Lepsius, and, 
as shown in details, by Bird.—Journal of the Bombay Branch of the Royal 
Asiatic Society for July 1845. 

Three groups of African languages yet stand over for consideration ; viz. 
the groups containing the languages of those parts of Africa where its con- 
tact with Asia introduces the question of their affinities with the languages 
of the world at large. Now, this last question is deferred as part and parcel 
of the ethnographical philology of Asia. As to the languages themselves, 
they are the Coptic of Egypt, the Berber of Northern Africa, and the dif- 
ferent languages of Abyssinia. This last division is convenient rather than 
scientific. The Abyssinian languages do not form an ethnological class; 
since some of them are, probably, more akin to the languages of Africa in 
general, than to those of Abyssinia. Nevertheless, they do form a geogn- 
phical class, and as such it is convenient to treat them. 

The first division is Abyssinian in the strictest sense of the term. The 
languages that compose it are the languages of both the old and new capi- 
tals, they are the languages of the greatest part of the country, and they 
are the original languages of it. 

XVII. Lithiopic Class of Languages.—The ancient and modern 
capitals, Axum and Gondar, are the literary centres of the languages of the 
ZEthiopic class. 

The Tigré is the most northern language of Abyssinia ; and, of the northem 
languages, the most western also. The Arkiko on the Red Sea is conter- 
minous with the Shiho dialects of the Danakil. The Tigré itself is, proba- 
bly, limited by the Bisharye. It has generally been considered to contain 
the greatest portion of the old Athiopic or the Geez of Axum. 

The Amharic is spoken to the south and west, and is the language of Gor- 
dar. The Gafat language it is rapidly displacing ; whilst on the south it is 
itself displaced by the Galla. 

The Hurrur is geographically disconnected with the language to which it 
is most closely allied, the Tigré. Probably, it is entirely surrounded by 
Galla and Danakil dialects: it is spoken in the south-east of Abyssinia, in 
the eastern parts of Efat. The tables of Beke show that its affinities are 
with the Tigré or Amharic, rather than with the Galla. Over and above 
the two short Tigré vocabularies, of the Huasa and Argubba dialects of the 
Tigré, we have— 

1. The Tigré of Salt. 

2. The Arkiko of Salt. 
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S$. The Amharic of Salt. 

4. The Amharic of the Bombay Geographical Transactions. 1844. 

5. The Amharic of Isenbergh.— Grammar of. the Amharic Language. 
Lond. 1841. Dictionary of ditto. 

6. Jacquet, E.— Observations Grammaticales sur un Spécimen des Dia- 
lectes Abyssins de Tigré. Journal Asiatique. .1830, tom. v.—Jilg. 

7. The Hurrur of Beke. 

8. The Harrur of Salt. 

9. The Hurrur of Kielmaier. Ausland, 1840, No. 76.—Jiilg. Probably 
the same as the words marked by Beke, as having been collected by Kielmaier. 

10. The Amharic of Combes and Tamisier.— Voyage en Abyssinie. Paris, 
1839.— Jil. 

11. The Amharic of Rochet d'Hericourt, C. E.x. Voyage sur la Céte 
Orientale de la Mer Rouge. Paris, 1841 —Jiilg. 

12. The Semien of Schotz.—Scheltz, Reise in die Gegend zwischen Alex- 
andria und Paretonium. Leipzig, 1822.—Jtilg. The language of Saamen, 
north of Tigré. 

A language called the Gafat language is spoken at present in only a small 

rtion of Damot, being encroached on equally by the Galla and Amharic. 
Nearly extinct. Considered by Ludolf to be a remote dialect of the Am- 
haric; whilst Dr. Beke suggests that it may be Geez—the same affinity. 

1. The Gafat of Beke. 

2. The Gafat of Bruce. Inserted within brackets in Dr. Beke’s Tables. 

XVILI. The Agow Languages.—Irregularly conterminous with the last- 


mentioned languages and dialects; and, probably, more closely akin to them 
than has been admitted. 


1. The Agow of Salt. 
2. The Agow of Bruce. 


3. The Waag Agow of Beke. These three vocabularies represent one and 
the same dialect. The Waag Agow is also called Hhamara, a name which 
is an element of confusion from its similarity to the word Amharic. 

4. The Falasha of Bruce. 

5. The Falasha of Beke. 

6. The Agau of Agaumider of Bruce. 

7. The Agau of Agaumider of Beke. 

8. D'Abbadie, A.— Sur les Falacha—Bulletin de la Société de Géogra- 
phie. 1845; tom. iv.—Jiilg. 

XIX. The Galla Class of Languages.—Originally extra-Abyssinian, but 
rapidly encroaching, from the south, upon the Amharic and allied languages. 
Conterminous, in one of its subdivisions, with the Sohili languages of the 
Caffre class. Conveniently studied under three subdivisions,—(A.) the 
Galla, (B.) the Danakil, and (C.) the Somauii. 

A. For the Galla,— 

1. The Galla vocabulary of Salt. 


‘ 2. Vocabulary of the Galla Language. By the Rev. J. L. Krapf. Lon- 
on, 1841. : 


F 3. Grammar of the Galla Language. By the Rev. J. L. Krapf. Lon- 
on, 1841. 

4. A Dictionary of the Galla Language. Composed by Charles Tutschek, 
Paplished by Lawrence Tutschek. Part 1, Galla, English, German. Mu- 
nich, 184-4. 

5. A Grammar of the Galla Language. By Charles Tutschek. Edited 
by Lawrence Tutschek, M.D. Munich, 1845. 


6. Galla vocabulary in Bombay Geographical Transactions. Oct. 1844. 
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7. Rochet d’Hericourt. Voyage sur la Céte Orientale de la Mer Rowg. 
Paris, 1841.—Jiilg. 

8. Kielmaier. Ausland, 1840, No. 76.—Jiilg. 

B. For the Danakil,— 

1. The Danakil vocabulary of Salt. 

2. The Adaiel vocabulary of Stuart. See Appendix to Salt's Travels. 

S. The Shiho of Salt. 

4. The Shiho of Kielmaier.— Ausland, 1840, No. 76.—Jiilg. 

Le Vocabulary of the Danakil Language. By the Rev. C. W. Isenbergh. 
ndon. 

6. Recueil de Voyages et de Mémoires, publié par la Société de Géogre- 

phie. Paris, 1839, iv.—Jtilg. Danakil or Dankali. 

7. Ausland, 1840, No. 76.—Jiilg. Danakil or Dankali. 

8. Danakil of the Bombay Geographical Transactions. Oct. 1844. | 
' C. For the Somauli,— 

1. The Somauli of Salt. 

2. The Somauli of the Bombay Geographical Transactions. October, | 
1844, | 

8. Kielmaier.—Ausland. March 16, No. 76.—Jiilg. 

4. Recueil de Mémoires et Voyages, publié par la Société de Géographe. 
Paris, 1839, vol. iv-—Jiilg. 

The Somauli of Vater is left unplaced. He tabulates it along with the 
Hurrur; but probably for the sake of contrast rather than of comparison 
So also it stands in Salt, whose arrangement and nomenclature are apt to 
mislead ; the Dalla and Dizzela both being termed Shangalla, and the Shiho 
aud Arkiko being placed in parallel columns. <A very few words, common 
to the Somauli and Galla, are noted. The proper position was given to the 
Somauli by Dr. Prichard. 

In the Galla, the word goeta=good, in the Somauli dug=leg. Two other 
cases of really accidental likenesses, thus strong, I have not met in any other 
anguage. ° | 

The Danakil call themselves Afer. If we allow ourselves to believe that 
the classical nations took some of their geographical names from Egypt, ¥e 
have a probable origin of the term Africa. 

Similarly, the word BapSapos may be best explained by considering it to 
have been adopted into Greece from Egypt ; being taken by the Egyptians 
from their neighbours of Nubia, the Barabbra. In this case the statement of 
Herodotus, that the Egyptians called other nations BdpSapos, would mean, 

‘not that they used a term equivalent to that of the Greeks with the same 
sense, but that they used the particular term Barbar. Of these two hypo- 
theses each reflects probability on the other. That Nubian and Abyssinian 
glosses found their way in the Latin and Greek, is again shown by the 
illustration afforded to a word in the fourth A:neid—magalia= Numidian 
cottages. The Berber of Barbary supplies no gloss explanatory of this term. 
In the Danakil, however, magala=town; and the word was just as likely 
to be taken from the Danakil by the way of Egypt, as from the Berber of 
Barbary by the way of Carthage. 

XX. The Gonga Class of Languages.—Dr. Beke, who was the first to 
publish any specimen of this class of languages, and who, with the exception 
of a single vocabulary, has collected all that is known of the Gonga tongues, 
gives the following account of their geographical position :—‘ Ludolf de- 
scribes the Gongas as composing a distinct nation in Abyssinia, dwelling to 
the south of the river Abai, and speaking a language unconnected with all 
those common throughout Abyssinia, to the north of about the 10th parallel 
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of north latitude; but the same as that spoken by the people of Enarea. 
This statement, however correct as regards former times, requires to be 
modified in the present day; for by the irruption of the Gallas, and their 
occupation of the table-land between the rivers Abai and Godjeb, the Gonga 
race has been cut through; and where not extirpated, divided into two 
parts, which have been respectively driven into the valleys of these two rivers. 
In Enarea, as throughout the whole table-land northward, as far as the valley 
of the Abai, the Galla language has superseded that of the earlier Gongas. 
But further to the south and south-west, in regions stretching wide into the 
interior of Africa, languages cognate with Gonga are still spoken. I was 
told of the countries of Derbabbo, Mocha and Afillo, beyond Kaffa, to the 
west, where cognate languages prevail. The Gonga language, as spoken in 
the western portion of the valley of the Abai, is the only existing repre- 
sentative of a once-powerful kingdom, situate in the fork between the two 
branches of the Blue River; the one the Dedhesa, coming from Enarea, and 
the other the Abai. The affinity of the languages of Kaffa, Woratta and 
Wolaitsa, to that of Gonga is manifest. That of the language of Yangaro is 
not so evident, but still may be traced.”"—Phil. Transactions, No. 338, p. 93. 

Vocabularies :-— 

1. Kaffa of Beke. Collected from a native of Bénga. 

2. Kaffa of Krapf. Collected in Shoa from a slave named Dilbo. These 
two vocabularies do not altogether coincide. Krapf's words are printed in 
brackets in Beke’s table. 

3. Monats-berichte tiber der Verhandlungen der Gesellschaft fiir Evrdkunde 
zu Berlin. 1843.—Jiilg. 

4. The Woratta of Beke. 

5. The Wolaitea of Beke. 

6. The Yangaro of Beke. 

XXI. The Shangalla, or Shankala Languages—-Spoken in Dabanja 
(Mithridates), and Agaumider (Beke). 

1. The Dar-mitchegan Shangalla of Salt. Called also Dizzela. 

2. The Shankala of Agaumider of Beke. 

XXII. The Dalla Language-—Spoken on the Tacazze by a tribe calling 
itself Dalla. The only vocabulary, undoubtedly representing this language, 
is one of Salt’s, entitled the Shangalla of the Tacazze. Notwithstanding the 
name, it is a different language from the Shankala of Agaumider, to which it 
is proposed, on the authority of Dr. Beke, to restrict the term. 


English. Shankals, Dalla. 
sun woka wah, 
moon beja terah. 
star beja shunda. 
wind zuba soueta, 
rain dimma emara. 
earth enueah hugga. 
shy goza queyah. 
rock jesa ia. 
stone dojesa uga. 
tree gea illa. 
well quiah wabbeah. 
river epucha suba. 
horse Serizze berasa. 
ass deguogga shanda. 
cow kuossa gira. 
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Shankala. 
touddo kuossa 
mekha 
meah 
metaguzza 
gunza 
inguffa 
dugunza 
wabbe 


eyoa 
haih 

owhé 
illukomah 
bequah 
ilikumah 
kotuma 
tsema 
summa 
yama 
chugguma 
mukkima 


chikka 
chikke metama 


Dalla. 
boota. 
gumma. 
lussha. 
dorha, yela. 
qua. 
dukka. 
addeh. 
iyah. 
anga. 
toma. 
anya. 
annasunga. 
anna. 
wa. 
bubuna. 
ookoona. 
ma. 
kuna. 
minda. 
umma. 
arra. 
beba. 
leda. 
minche. 
inno. 
niggeda. 
ille. 


_ quonquedab. 


quuntelle. 
quulla kudde. 
quulla kudilla. 


In the Dalla I have found fewer affinities than in most other African |s0- 

ages. Nevertheless, it is by no means to be considered as wholly isolated. 

XXIII. The Takue (or Boje) and Barea.—Very short numerals by Set 
Spoken on the northern frontier of Abyssinia. Apparently, the affinities 
of the Takue are equally with the Dalla, and the Agau of Agavmider. Be 
sides this, its ethnographical position is complicated by its name. Form for 
form, Boje== Beja, the name of a Bisharye tribe; whilst Takue= Take, the 


locality (and a near one) of a Bisharye tribe also. 


English 
Takue 
W. Agau 
Dalla 
English 
Takue 
Falasha 


man. English 
grua. Takue 
egir. Dalla 
qua. Shilluck 
son. English 
amfare. Takue 
anfera-kura. Dalla 


woman. 
toohi. 
dukka. 
daka. 
drink. 
ani jusse. 
inno. 
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English daughter. English man. 
Takue anke. Barea ookooi. 
Falasha anke-k Dalla qua. 
English milk. English drink. 
Takue shub. Barea bug. 
W. Agau sab. Galla dugi. 
English fire. English fire. 
Takue lukka. Barea shetta. 
Agau of Agaum. dag. Gafat — esatsh. 
English grain. Harargi esat. 
Takue err. English girl. 
Agau of Agaum. ari. Barea dunggoodi. 
English cow. Shankalla dunga. 
Takue wass. English eat. 
Shankala Ruossa. Barea kul. 
English ass. Falasha hut. 
Takue dukkara. English water. 
Agau of Agaum. doghari. Barea umbi. 
Shankalla deguogga. Dalla beyah. 


Here ends the list of Abyssinian languages. Is it exhaustive? A letter 
from Mr. D’Abbadie to Mr. Renouard, in the 911th number of the Athe- 
neum, promises the following fresh vocabularies for the following languages, 
spoken either in or around Abyssinia. 

A. For the Agow languages— 

1. A Khamtinga vocabulary of 1500 words. This is spoken by the Khamta, 
ie Agows of the Way or Wag, a country adjoining to, but different from, 

ta 


2. An Awnga vocabulary of 2000 words, spoken by the Awawa or Agows, 
on the borders of Little Damot; a harsh but copious dialect. 

3. A Hwarasa vocabulary of 1300 words, spoken in Hwara or Kwara, 
and by the Falocha of Gallagar, Kayla, and the Awawa country; closely 
allied to the Gimant. “Short vocabularies (writes Monsieur d’Abbadie) 
show that the Agaw languages are closely allied to the Gabi, spoken by the 
Bileu; and to the languages of Atala in Somen.” 

B. For the Galla— 

1. Afar Proper, or the Danakil of Adaiel, Taltal, Talfen, &c. ; 900 words. 

2. The Saho of the Hazaorta and Toroua tribes, é. e. the languages of the 
Samara, of which the Shiho of Salt is probably the most northern dialect: 
1400 words, 

3. Galla, Ilmormo, or Ormo: 2300 words. 

4. Szomaliool, or Somauli: 600 words. 

5. Toufte, or the language of a small nation near the Tambaro: 10 words. 

This last is probably a new dialect of the Galla. 

C. For the Gonga group of languages— 

1. The Sidama dialect of the Gonga: 1700 words. 

2. A Dawrooa vocabulary of 1500 words. 

3. A Yamma, or Yangaro vocahulary of 1400 words. 

4. A collection of 400 Shay words; a language spoken by the Gimara, 

amrow, or Gamarou, allied to the Sidama. 

The Nao language is a dialect of the Shay. The Hadiye Wanbe of the 

awrooa. 
tere For the Beja language of Suaken 200 words. 

ie 
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E. For several unplaced languages— 


1. Gwinza: 400 words. 4. Yarabo: 30 words. 
2. Souro: 19 words. 5. Gamo: 10 words. 
3. Dokko: 29 words. 6. Barea: 10 words. 


Now, of these, almost all are Abyssinian; so that if the languages be as 
different from those enumerated as the names are, we have several addi- 
tions to the present list. It is, however, Dr. Beke’s opinion that the distinct 
and separate languages of Abyssinia have all been enumerated. He further 


adds that D’ Abbadie’s Sidama is his own Kaffa. 
» Dawrooa ,, , Woratta. 
» Yamma ,, ,, Yangaro. 


» Walamo .. ,,  Wolaitsa. 


XXIV. The Coptic Language—the language of Egypt anterior to the 
Arabic.—The details of the Coptic language have been considerably increased 
since the publication of the Mithridates. The notice however of these isa 
point of historical and scholastic criticism. Our present knowledge of the 
Coptic of Egypt is, for ethnological purposes, tn kind, the same as in the year 
1817. 


The general character and extent of the Coptic literature, subsequent to 
the introduction of Christianity into Egypt, and subsequent to the applica- 
tion of the Greek alphabet to the Coptic languages, was known both to Vater 
and Adelung. 

So also were the three Coptic dialects, the Memphitic, the Sahitic, and 
the so-called Bashmuric. 

The researches into the Hieroglyphics were zoé known to Adelung, nor 
were they a part of -his subject, except so far as the older forms of the 
Egyptian language might supply roots and forms which were wanting in the 
more recent Coptic. 

The languages in contact with the present boundaries of t are the 
Berber and Tibboo on the west, the Nubian on the south, the Bisharye on 
the south-east, and the Arabic on the north-east. There is no reason to 
suppose that these philological boundaries were ever materially different. 

The Coptic has generally been considered as a language with but few 
African affinities. Reasons for breaking down the distinction hereby im- 
plied will be found below. 

Its affinities with the languages spoken out of Africa is a question for the 
ethnography of Asia. At present it is sufficient to notice three indicated 
affinities. 

1. One with the Indo-European languages, by Lepsius. 

2. One with languages of northern Asia, by Klaproth. 

8. One with the Semitic languages, by several scholars; by Benfey most 
especially. 

XXV.: The Berber group of Languages.—Ali that is not Arabic in the 
kingdom of Morocco, all that is not Arabic in the French provinces 0 
Algeria, and all that is not Arabic in Tunis, Tripoli and Fezzan, is Berber. 
The language also of the ancient Cyrenaica, indeed of the whole country 
borderfng the Mediterranean, between Tripoli and Egypt, is Berber. The | 
extinct language of the Canary Isles was Berber; and, finally, the language 
of the Sahara is Berber. 

The Berber languages in their present geographical localities are essen- 
tially inland languages. Asa general rule, the Arabic is the language for 
the whole of the sea-coast, from the Delta of the Nile to the Straits of 
Gibraltar, and from the Straits of Gibraltar to the mouth of the Senegal. 
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On the southern borders of the Sahara the Berber language is contermi- 
nous with the Woloff, Serawoolli (?), Fulah (?), Sungai, Howssa, and — 
Bornu (?) languages ; its southward extension, on the eastern half of Africa, 
being sufficiently wide to embrace the whole area of the Great Desert. 

To the east its extension from north to south is less; the Tibboo language 
being spoken as far west as Fezzan, and as far north as the oases of Augila 
and Siwah. 

The remarkable magnitude of the Berber area was known to the authors 
of the Mithridates. 

The French conquest of Algeria has increased our knowledge of the Ber- 
ber. The extent of this increase may be measured by the following cata- 
logues, wherein the data known to the authors of the Mithridates are noted. 

A. Beginning at the confines of Egypt, we find a Berber dialect for the 
Oasis of Siwah, and for the Siwah dialect the following vocabularies :— 

1. The Siwah vocabulary of Hornemann— Known to the authors of the 
Mithridates, and the one through the collation of which, by Marsden, with 
the other Berber vocabularies then known, the unity of the Berber lan- 
guages was discovered. . 

2. The Siwah vocabulary of Caillaud.— Voyage a Meroe, &c. 

3. The Siwah vocabulary of Minutoli—Appendix to Reise zum Tempel 
des Jupiter Ammon. Berlin, 1827.—VJiilg. 

4. The Syouah vocabulary of Konig—Recueil de Voyage, &c. Paris, 
1839, iv. 

5. Fragment d'un vocabulaire des habitans de I’'Oasis de Syouah, par F. 
Miuller—Pacho, J. R., Relation dune Voyage dans le Marmarique, &c. 
Paris, 1827.—Jiilg. 

6. The Siwah vocabulary of Scholtz.— Reise, &c. Leipzig, 1822.—Jtilg. 

7. Neue Allgemeine Geographische und Statistische Ephemeriden. Wei- 
mar, 1826, xix. pp. 12-16, 35-41, 83-86.—Jilg. 

8. Drovetti, Voyage a [ Oasis de Syouah, rédigé et publié par M. Jomard. 
Paris, 1823.—Juilg. 

B. The Berber of Augila. 

1. Miiller, Fr., Vocabulaire de Langage des habitans d’ Audjelah.— Pacho's 
Relation dun Voyage, &c. According to Mr. Agoub, one-fourth of this 
dialect is Arabic. 

C. The Berber of Fezzan.——Vocabulary of Captain Lyon. See Narrative 
of Travels in Northern Africa. London, 1821. : 

D. The Berber of Ghadamis. 

1. Richardson's Vocabulary——The Foreign Office has lately published in 
fac-simile a vocabulary procured by Mr. Richardson from the Taleb Ben 
Musa Bel Kasem, entitled “ Book of familiar conversation in the Arabic, 
Ghadames, and Tuarick languages.” 

2. Hodson’s MS.—A manuscript volume of travels among the Tuaricks, 
by a Taleb of Ghadamis, was composed for Mr. Hodgson during his resi- 
dence at Tunis, as United States Consul. This MS. has since been trans- 
mitted by Mr. Hodson to Monsieur d’Avezac. It contains “a most de- 
tailed account of these (the Tuarick) nomades of the Sahara, their manners, 
customs, civil institutions, and social economy, together with an Arabo- 
Tuarick vocabulary.”—Notes on Northern Africa, the Sahara and Soudan. 
By W. B. Hodgson. New York, 1844. 

E. The Berber of Algeria—Kabyle, or Schowiah. 

; 1. Shaw's Vocabulary. Vid. Shaw's Travels in Barbary. Known to Ade- 
ung. 

2. Venture’s Grammar. 

PZ 


212 REPORT—1847. 


8. Captain Washington's Vocabulary.—Journal of Geographical Trans- 
actions. 

4. Dictionnaire Francais Berbere. Paris, 1844. Published by the French 
government. Edited by Monsieur Delaporte. 

5. A Grammar of the Berber Languages. By Francis Newman, Esq. 
In Zeitschrift fir de Kunde des Morgenlandes, vol. vi. 

6. Berber Gospels, translated from the Arabic, by a Berber Taleb, under 
the superintendence of Mr. Hodgson, at present in the possession of the Bn- 
tish and Foreign Bible Society. 

7. Berber Genesis. Ditto. These two translations form the groundwork 
of Mr. Newman’s grammar. 

8. Kabyle vocabulary of Hodgson. Notes on Northern Africa. 

9. Vocabulaire Berbere. Par M. J. H. Delaporte (Fils.).—Journal Asi- 
atique. 3 Series, tom. i. 1836. 

10. Shaler, W., Sketches of Algiers. Boston, 1826. Also Transactions 
of the American Philosophical Society. Philadelphia, 1828.—Jiilg. 

11. Barre, Vocabulaire de la Langue des Kabyles——Nouvelles Annales 
des Voyages, 1830, vol. iii—Jtlg. 

. 19. Peysonnel, J. A., Relation d'un Voyage sur les cétes de Barbari. 
Publié par Dureau de la Malle. Paris, 1838.—Noms en langue Chauvie. July. 

13. Wadreag vocabulary of Hodgson. Spoken in the Oasis of Wadreag 
and Wurgelah. Eregeiah dialect. 

14. Mozabee vocabulary of Hodgson. Spoken by the Beni Mozao, about 
three hundred miles south of Algiers. 

Hodgson's remarks on the Berber language are contained in the Notes on | 
Northern Africa, already mentioned, and also in the Transactions of Ue | 
American Philosophical Society. Philadelphia, 1834, vol. iv. 

¥. The Berber of Morocco. 

1. Host, Lflerretninger om Maroccos og Fez. Copenhagen, 1779. 
Known to Adelung. 

2. Jackson, Account of the Empire of Morocco. London, 1811. Known 
to Adelung. As was also the vocabulary of Jezreel Jones. 

§. Chenier, L., Recherches Historiques sur les Maures. Paris, 1787.— 
Comparaison entre la langue Arabe de-Maroc et Ja langue des Brebes et des 
Chellu.—Jiilg. 

4. Badia, D., Voyages d’ Ali Bey et Abbasi. Paris, 1814.—Jiilg. 

5. Journal of Geographical Society, vol. xi—Jtlg. 

6. Captain Washington's vocabulary.—Journal of Geographical Society, 
vol. i. | 

G. The Berber of the Canary Isles. 

1. Glas, G., History of the Canary Isles. London, 1764. 

2. Mémoires sur les Guanches. Par Sabin Berthelot.— Mémoires de ls 
Société Ethnologique, vol. i. Deuxiéme Partie. bid. vol. ii. 

8. Hodgson, Notes on Northern Africa, p.102. From Mr. Jay Browne. 

4. Da Costa de Macedo, Ethnographical Remarks on the original Inho- 
bitants of the Canary Isles.—Journal of Geographical Society, vol. xi. 

Glas’s vocabulary is the staple of all the criticisms on the Guanche lan- 
guages. Da Costa's paper is an objection to the current doctrines concert- 
ing the radical unity of the languages of the Canary Isles. It does not suc- 
ceed in shaking it. 

H. The Berber of the Sahara, or Tuarick. It was known to Adelung that 
the Tuarick language was Berber. 

1. Hodgson’s shorter list. About a dozen words communicated to the 
American Philosophical Society. Philadelphia, 1831, tom. iv. 
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2. Hodgson’s longer list. Tuaryck, or Tergeiah vocabulary.—Votes on 
Northern Africa, p. 95. 

3. Hodgson’s Sergoo vocabulary.—Notes on Northern Africa, p. 101. 

4. The Tuarick of Richardson’s vocabulary, vid. supr. Mr. Newman 
states that Hodgson’s Tuarick and Richardson’s do not exactly coincide. 

The Berber area is not only remarkably extensive, but it is also one of 
great antiquity. From the times of the earliest history the Berber nation 
has been spread over the same extent of country as at present ; since the an- 
cient Numidian and Mauritanian names of Sallust, and other writers, have 
a meaning in the modern Berber. No country, except Arabia, presents a 
similar phenomenon. The ‘Turkish, the English, and the languages derived 
from the ancient Roman, are spoken over more square miles than are the Ber- 
ber dialects. Their spread however has been within the historical period. 

1. That the term Berber is an improper name for the languages of Bar- 
bary, in other words, that Barbary itself is an exceptionable appellation, has 
been frequently insisted on. It has also been stated that the so-called Ber- 
ber languages have just the same relation with the Barabbra that they have 
with the other African languages, neither more nor less. 

2. That the Berber, or Amazirgh, has affinities with the Semitic languages, 
is a fact to be exhibited in the criticism of the affinities of the African lan- 
guages out of Africa. At present the glossarial evidence is very slight. 
The gramuatical arguments have been most developed by Mr. Newman in 
his Berber Grammar and in the Philological Transactions, No.1$. The 
Semitic character of their grammar is strongly insisted upon by that writer. 
Mr. Norris's opinion is equally decided. 

3. That there is no reason for disconnecting the Berber from the other 
languages of Africa is shown in the Classical Museum, No. 12. | 

4. The preponderance of the letter ¢, as an inflexional element, both initial 
and final, is a character common to the Berber and the Coptic; and, ina 
less degree, to the Bisharye; a fact which suggests more investigation than 
has been applied. 

XXVI. Unplaced Languages.—It is more convenient to leave the following 
languages unplaced than to deal with them as the representatives of classes. 

The Sereres,mentioned above.——Spoken in Senegambia, around Cape Verde. 
Considered, for certain reasons, as the aboriginal language of a larger area, 
but displaced by the Woloff*. 

Adelung’s opinion, founded upon the Sereres vocabulary of Verdun de 
la Crenne, was in favour of the language being Woloff. However, from the 
same data the present writer considered that it had equal affinities with the 
Fulah. It is left unplaced provisionally. The only additional specimen, viz. 
the Sereres of the Senegal vocabularies, makes it Woloff and Fulah most, and 
Mandingo least. Nevertheless, although so little Mandingo, it has much in 
common with the Seracolet. It is by no means isolated. 


English. Sereres. [1.] Wolof. 
skin dole derre. 
heart cod col. 
gold vourousse vourousse. 
stlver caline caline. 
oe naqui nagui. 
bullock goch yacque. 
cow naque reve nagguer 
cock sech sec. 
old nagoyce maguiette. 


* Since writing the above I have been informed that the Sereres is spoken further inland, 
than is implied in the text. 
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English. Sereres. [2.] Wolof. Foulah. 

drink ierah nan iarda. 

eat niami leck niamda. 

ears nofe nappi nofrou. 

Soot fate tanque felo. 

house endok [3.] negue soondoo. 
English Jeg. English heart. 
Sereres Sereres hhaigne. 
Timmani katuk=leg. Fantee akumi. 
English moon. English child. 
Sereres ongol. Bereres oby. 
Kossa ngolt. Kru divepe. 
Pessa ngalu. Bassa tuple, 
Moko ngol, English five. 
English hand. Sereres betique. 
Sereres gobayh. Bongo batan. 
Bongo bok. Appa ttun. 
Karaba, &c. uboh. Popo atong. 
English foot. Benin fang. 
Sereres akiaf. Fot fan. 
Kossa hues. Rungo etani. 
Pessa nuho. Karaba ttient. 
Fot moku. English one. 
English wood. Sereres oleingue. 
Sereres gougida. Mandingo hiling. 
Bagnon caheoqua. English three. 
Kossa gohui. Sereres tadique. 
Tapua tshiguoh. Fulah tati 


In Sereres the word ga-kale=river (in Feloop guio-col). This is, proba: 
bly, the -ga? in the name of the river Sene-gal. 

XXVIII. The Serawoolli, or Seracolet.—Spoken in Galam or Kajaaga, to 
the east of the Woloff country. Conterminous with the Woloff, Tuarict, 
Moorish, and Mandingo. 

1. The Serajoulet numerals of Dard.— Grammaire Woloff. 

2. Dwight, Th., Remarks on the Sereculehs, an African nation, &o— 
American Annals of Education and Instruction. Oct. 1835, vol. vy —Jilg. 

§. The Seracolet of the Senegal vocabularies. 

That the Seracolet is by no means wholly isolated may be seen from the 
Senegal vocabularies. It has many words common to them all. It bss 
perhaps, the most with the Sereres, and after that with the Mandingo. 


English leg. English fish. 
Serawoolli tha. Serawoolli ntequez. 
Howssa sau= foot. Bambarra nyegey. 
Ako eti= do. English tree. 
English man. Serawoolli de. 
Serawoolli hyugo. Kru, &c. &e. tu. 

Ibu uorka. English hog. 
English hand. Serawoolli faré. 
Serawoolli wite, Bambarra fal. 
Timmani ttoh. English heart. 
English bird. Serawoolli boule. 
Serawoolli tllingue. Pessa inpele. 
Popo helt. Bullom bolm. 
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English one. English three. 
Serawoolli bane. Serawoolli stho. 
Wolof ben. Susu saka. 
Timmani pin. Vei sakwa. 
Ibo : Mendi sauwa. 
English —_ two English five. 
Serawoolli fillo. Serawoolli toumou. 
Mandingo (fula. Timmani toumat. 
Bambarra _fula. . 

Kosea ‘fela. English ; ten. 
Pessa fire. Serawoolli  tamou. 
Susu fering Moko dium. 
Vei “fila. Bongo dium. 
Mendi Sele. 


XXVIII. The Akvambu.—The only work * known to me where specimens 
of the Akvambu are to be found, is out of reach. This fact, and an indistinct 
notion that its isolation has been insisted upon, are my only reasons for dis- 
connecting it from the other languages of the Gold Coast. It is conter- 
minous with the Ashantee. 

XXIX. The Tibboo.—This is the language of the Libyan Desert, bounded 
on the north by the Berber of Siwah and Augila, and by the Arabic; on the 
south by the languages of Bornu, Kanem, and Darfour; on the east by the 
Arabic of Egypt, and the Nubian of Nubia; and on the west by the Tuarick 
of the Sahara. Adelung considered the Tibboo as Berber ; so did Balbi. Their 
data were a few words from Hornemann; and the opinion has not been adopted. 
Prichard first objected to it. The present Tibboo vocabularies are,— 

1. The Tibboo of Lyon.— Travels in Northern Africa. 

2. The Tibboo of Hodgson. 

That the Tibboo, although without any specific affinities, was by no means 
an isolated language, is shown in the Classical Museum, No. 12. 

It probably belongs to the Nubian class. 

If future researches justify the assumption of the letter-change, the 7ibboos 
retain the name as well as the locality of the ancient Libyans or Lebyes. 

Such are our materials, and such the provisional classification. Inde- 
pendent of the question of the affinities between the groups, the geogra- 
phical distribution of them exhibits more than one point of ethnological 
importance. 

1. The restriction of ancient cultivation to the tract of the Nile, and the 
limitations of its extension westward. 

2. The contrast between the character of Asiatic influences at the two 
ends of the Red Sea. For Egypt and the parts connected with Asia by the 
Isthmus of Suez, the permanent influence of Arabia began at a late period, 
te. under the successors of Mahomet. For Abyssinia, and the parts about 

the Straits of Babelmandel, the permanent influence of Arabia began at a 
period anterior to history, as manifested by the constitution of the old 
Zthiopic language and its derivatives. 

3. The character of the Berber area.—The simple fact of a language being 
extended over so vast a range of country as the whole of the Sahara and 
Northern Africa is not, io itself, very remarkable. The Turk dialects cover 
a greater portion than this in Asia and Europe. The English language in 
North America covers a greater area still, This however is from extension 


* Rask, Vejledning til Acra-Sproget Kysten Ginea, med ef Tillaeg om Akvambuisk. 
. 828.—Jiiig. u . 


Copenhagen, 1 
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by conquest, and at the expense of other tongues. Not so with the Ber- 
ber language. It is, for aught known to the contrary, indigenous over the 
whole tract where it is spoken. At least, it was used in all its present loca- 
lities at the earliest dates of history. Dialects mutually intelligible now 
were, probably, mutually intelligible in the time of Jugurtha. This gives 
us an element for the computation of the rate at which languages change. 
The geographical extension of the Chinese of China is in many points simi- 
lar to that of the Berber of Barbary. That of the Arabic of Arabia isa 
remarkable and exact parallel. 

4. The Caffre area.—It is highly probable that the great extent of the 
Caffre area in Africa is an ethnological phenomenon of the same kind ss 
that of the Turk area in Asia. Towards the south, at least, it is an im- 
ported language, and has supplanted languages akin to the Hottentot. _Iso- 
lated portions of these may still exist to the north of those parts where the 
Caffre languages are spoken continuously. The northern limits of the Caffre 
languages, as at present known, both east and west, coincide almost exactly 
with the equator. Compare with the distribution of the languages of South- 
ern Africa the distribution of the languages of Hindostan. 

5. Madagascar.—It has been stated before that the language of Mada- 

car is not African. This is of itself remarkable; it is more remarkable 
still that it is Malay. Again, whilst the language is Malay, the physical 
conformation of the people, or least of a portion of them, is African. The 
statement that the language of Madagascar is really one, although credited, 
requires further investigation. 

Another question presents itself. What do the languages enumerated 
offer in the way of a measure of the intellectual strength on the part of the 
nations that speak them? In the way of literature, next to nothing. The 
Egyptian and Abyssinian literatures, and at great distance from both, the 
Berber, are the only approaches to the higher applications of language. In 
the way of tale or ballad, the general heritage of the rudest tribes, it is probable 
that more is to be found than has appeared. However, for the whole range 
of the true negro area, I at present know of nothing beyond the following 
specimen in the Tumali from the mouth of a native, taken by Tutschek. 

‘‘ The following lines are the beginning of a long tale or fable, which was 
communicated to my late brother Charles by his pupil Djalo Djondan Aré, 
the representative of the people of the Youmale. Djalo dictated it after the 
communication of an old countryman of his, Dgimal Tamm‘l, from memory, 
and assured me that he had reproduced it almost exactly as he had heard 
it related several times by his old friend.” 


Gon! RAaraL. 


Ngingat ngendanen intadan ngén- 
da yaér"mam yafét k°mGndanam kén- 
dek ; yam*nirenau yeng’ndan kow‘l(; 
k*délidgam kngidéwend‘n. ngendane 
singeam n'ng kénan. Guman gu- 
manam k°maraken, yal‘llau n'ngku- 
tun. 

Dgibé lelédgam albf&dan dedni 
k'ngkéledgen, nofnen k°mGin f4 fa- 
danau k'm'le kiekirin. Int&ne k*- 
k&rmin, nefne hafét kéf*dn*k; k'n- 
gérnin: “daki ng*tomi?” 


Gopi RaFaz (literal translation). 


Girls they once they four fruits 
(of) dates for went out ; their things 
in (the) hands (they) held ; towards 
the wood (they) marched. Them 
(the) thirst them killed. Quick 
quickly (they) could not walk, (the} 
throats to them were dry. 

A lake glittering in the field below 
they observed, there the dates upon 
the trees had not yet grown red. 
One they found, there the fruits hed 
ripened; they stopped: “who will 
mount up?” 
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Gop! RAFAL. 


Ngénda &r"mredéng*nau 
fadan kianga k't6men. 


int4éu 


F4t*menan ngu ngénda n'ngbobili.” 


“hendiéne, ngi yant°mianengki, k°- 
man yabébdie; ng6ndaki oré°ring- 
danau réndamen ldtu IGtuam k*nda- 
naden.” 

Fat°menan nguanen ngkérSdjek 
rungam médek, bardangam uk'nden, 
tomi; yafét bobti; ngendanen kalm*k 
sam‘nsream k*mded‘nan, — Fat?me- 
néorung oréanen dabad'ng‘n h'lisam 
kad*k; um‘nirinng*nane hau‘nmenam 
k*mdéd‘n, gumanam koinauk, élid- 
gam k*ngol*ngak, dedgibeko. 
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Gop! RAFAL (literal translation). 


They four these of (of these four) 
not one upon the tree knew not to. 
mount. 

Fat°me she them flattered: “sis- 
ters, I mount up the dates I shake 
down; you my basket into and into 
yours in equal parts gather (them).” 


Fat°me she upper garment her 
pulled off, the under garment tied 
(and) mounted; the fruits (she) 
shaked; they gathered (and) their 
vessels filled up;—Fat°me's her basket 
(into) from below unripe (dates) they 
laid; when it was (nearly) full with 
ripe. (they) filled it up, quickly took 


(theirs) up (their heads) into the 
would went round, towards the lake. 


The structure of the African languages exhibits as little in the way of 
intellectual development as does the African literature. Regularity and 
multifariousness in grammatical structure have been put at their proper 
value, since the so-called poly-synthetic character of languages, like the 
Eskimo and American, has been investigated. It may be stated generally 
that the African languages are in the second stage of development. None 
are monosyllabic, in the degree that Chinese is monosyllabic ; and none are 
inflectional in the degree that Greek and Latin are inflectional. 

Do the philological and the physiological tests agree ? in other words, do 
the arrangements according to physical conformation, and the arrangements 
according to language coincide? Pretty closely. Whatever may be the 
inference drawn from the fact, it is undoubtedly true that, in those tribes 
where differences of figure and complexion have been most noted, a differ- 
ence of language has also been recognized. The Copts, Berbers, and Caf- 
fres and Hottentots verify this. In Abyssinia the coincidence is somewhat 
less. In Abyssinia, however, much has yet to be done in philology. More- 
over, particular tribes have shades of colour. Some of the Tuaricks are thick- 
lipped and woolly-haired ; the Nufis are fairer than their neighbours; the 
Caffres of Congo are more truly negro than those of Caffraria; the light or 
red complexion of the Fulahs has long been noticed. In all this there are 
no differences of any remarkable importance. 

The strongest instance of the loss of a language and the permanence of 
the people who spoke it, presented by the African continent, is that of the 
Copts; and this is a strong case anywhere. That the African, however, parts 
with his language more easily than another has yet to be proved. The phe- 
nomena of the American slaves, and uf St. Domingo, from the peculiarity of 
the circumstances, prove nothing. 

The higher question as to the value of the physical peculiarities of the 
African race, is a point to be considered in the investigation of the affinities of 
the negro out of Africa; a question for the ethnographical philology of Asia. 

What now remains is the important consideration of the relations between 
the higher groups. Preliminary to this it is necessary to guard against an 
over-valuation of certain points of grammar presented to us by more than 
one of the languages enumerated above. These are— 
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1. The System of Prefixes in the Caffre Language.—In the Bechuana gram- 
mar it is written that ‘“‘the second person singular of the imperative mood 
of the verb may be considered the root, from which most verbs may be 

‘directly or indirectly derived. In this situation the simple root appears un- 
incumbered by prefix or affix, and yet not wanting in any of its integral 
parts.” This is saying that the second singular imperative is without in- 
flections (as it is in many languages), and that it coincides in form with the 
simple verbal root. That the verbal root should be of great importance in 
languages in the state of development in which we find the African isa 
regular phenomenon. The verb is all in all in the American tongues; and, 
I think, that in the African languages, in general, a greater number of 
verbs, expressive of fundamental ideas, will be found to appear in different 
languages than of substantives. 

he author continues :—“ By prefizes to the root, but more frequently by 
a change of initial and termination, verbal nouns are formed.” Thus, 
ttsi=to know comes kico=knowledge, trom ruta=to teach comes fito=a 
teaching, and morute=a teacher. 

. Again, ‘ Nouns afe also formed from adverbs, as morimo, a superior per- 
son, from remo=above.” It must be observed that this statement by no 
means precludes the great likelihood of remo itself, and words like it, being 
originally nouns. , 

Now with these facts, we may consider the prefix as a kind of sign of the 
infinitive mood, i.e. of that form of the verb which is pre-eminently sub- 
stantival in character. I am not aware that this view has ever been main- 
tained. Without being wholly incompatible with the following doctrine, it 
differs from it. 

It is easy to conceive a language of which it is the habit to combine with 
every noun meaning a* person, some such word as man, and with every 
noun meaning a thing, some such word as ¢hing; just as if in English we 
said, instead of father, man, child, mother, dog, bed, water, &c., 


man-child, man-woman, man-dog, thing-bed, thing-water, &c.; or perhaps | 


the term prefixed, instead of being thus definite, might be a word like head 
in the sense of head of game, or of the German word stick in the term Paar 
stuicke, applied with the generality with which it often is used. Now, some- 
thing of this sort really happens in the numerals of certain Indo-Chinese 
languages, and something of this sort is a possible explanation of the Cagffre 
system of prefixes. 


Whichever of these two views be taken of this system, it is considered | 


that it is, in neither case, a characteristic of the language that is necessarily 
of great antiquity. 


* The above was written before I met with the following passage in Ewald.—* Die merk- 
wiirdigste Erscheinung welche diese Sprache bietet, zeigt sich in ihrer Auffassung der ein- 
zelnen Dinge. Ich habe vonjeher bei dem miindlichen vortrage der Sanskrit-Gremmatk 
gelehrt dans nicht die Unterscheidung des Miannlichen und Weiblichen, sondern die des 
stiirker oder schwacher Persdnlichen, des Belebten oder Unbelebten zam diltesten Sprach- 
grunde gehore; dasselbe habe ich dann auch im Semitischen nachgewiesen, wo es etwu 
versteckter erscheint. Ejinen iiberraschend grossen Beweis fur die wahrheit dieses Satze 
gibt nun das Suaheli. Dieses unterscheidet nimlich das Manliche und das Weibliche gar 
nicht, hat also im gewéhnlichen Sinne gar kein Geschlecht. Dagegen unterscheidet es das 
Lebendige und Todte, nicht nur im Allgemeinen, sonder auch weiter im einzelnen nach 
mannichfacher Abstufung ; und es fiihrt insofern Unterscheidungen ein wovon wir uas ocr 
mit Miihe eine richtige Vorstellung schaffen kénnen. Jede Abstufung dieser Art wurde 
durch ein besonderes Wortchen bezeichnet; alle dieser Wértchen haben sich zwar jets 
enger mit den starken Wortern verschlungen, sind aber noch erkensbar. Sie zeigen sich 
einmal an der Spitze der verbal person,” &c., p. 49. The great field for the inductive study 
of the grammatical division into Animate and Inanimate are the languages of America 
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2. The Kuphonic Concord.—In respect to the value of this character a single 
remark is sufficient. No scholar who admits the Celtic languages, with 
their peculiar system of initial changes, into the list of Indo-European lan- 
guages, can, on the mere strength of the euphonic concord, isolate the 
Caffre tongues. 

What has just been written as to the value of these two important cha- 
racters of the Caffre languages, the Euphonic Concord and the System of 
Prefixes, has dealt with the question, as a general question of philological 
criticism. It has assumed them to be found in the Caffre languages eaxclu- 
sively, viz. in the Caffre throughout, and in nothing else anywhere. Yet 
this is, probably, the fact in neither case. 

The Euphonic Concord in other Languages besides the Caffre.—It is stated 
that the euphonic concord exists in the Fulah. A fact mentioned to me 
by Dr. Tutschek induces me to expect it in the Tumali. In the Woloff its 
operation is undoubted, and has long been recognized. The definite article 
in Woloff is the numeral one. According to the initial of the noun with 
which it agrees it changes its own. 


bénne baye a father. 
dhiénne daaba a lion. © 
guiénne kabouse | a pistol. 
lenne ndaa a jar. 
ménne mpithie a bird. 
sénne safara a fire. 
vénne fasse a horse. 


On the other hand, the definite article is postpositive; it, nevertheless, 
takes the euphonic letter of the substantive. mS 


baye-ba the father. 
diiaba-dhia the lion. 
kabousse-gua the pistol. 
ndaa-ba the jar. 
mnvithie-ma the bird. 
safara-sa the fire. 
Jasse-va the horse. 


The System of Prefixes in other Languages besides the Caffre.—Three 
facts, put together, suggest researches upon this point. 

a. The monosyllabic root ¢-+-a vowel=¢ree in several of the languages 
of Western Africa—Kru, és; Pessa, tshu; Ashantee, iduia—Karaba, itu; &e. 

b, The Caffre for tree is the root ¢++a vowel, +the prefix im, mi, or émi— 
Caffre, imi; Suaheli, méi; Wakamba, muéti. Boyce writes, “the twelfth 
declension contains plural nouns, beginning with the prefix ims;” and gives 
43 an instance the word in question, tmiti=érees. 

C. The Gonga for éree is mitto; the Kaffa, mitsa; the Wolaitsa, méasa ; 
the Woratta, mitai. In order to get at the root, it is believed that the ne- 
Cessity for this decomposition is general in the African languages, and that 
the application of it will give a partially monosyllabic character to more 
than one language of Africa. In this sense some remarks of d’Avezac upon 
the Yebu language are borne out.—See Mémoires de la Société Ethnologique, 
Vol. ii. part 2. p. 52; and Classical Museum, No. xii. pp. 197 and 201. 
fe The Position of Inflexional Elements.—In the Galla language the in- 


xional elements generally come before the root; in other words they are 
xes, 
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In the Berber language the inflexional elements generally come after the — 
root; in other words they are affixes. 

This value of a distinction of this kind, between the methods of inflexional 
formation in different languages, is certainly of no great importance. ! 
Several well-known languages illustrate this, by cases similar, though not 

arallel. 
1. The Syriac postfixes the article which the Hebrew prefixes. _ 

2. The Scandinavian languages postfix the article which the Germani 
languages prefix. 

8. The Scandinavian languages affix the reflective pronoun to the verb, 
which the Germanic languages prefix—German, stch schamen=to be ashamed, 
Icelandic skama sig; and, later, skamasc, skamast, skamas, skames. So also 
with the article. 

4 Differences like the one indicated are differences of degree only, not of | 
kind. One of the points wherein the old Egyptian of the hieroglyphic: 
differs from the Coptic is in the change from affixes to prefixes. “Un des 
différences les plus marquées du dialecte sacré avec la langue Copte con- | 
siste en ce que la plupart des terminaisons yrammaticales qui autrefois furent 
postposées aux substantives et aux verbes se trouvent préposées dans ls 
langue Copte. 

“Le verbe == DONNER, est par conséquent conjugué,— | 


EN HIEROGLYPHIQUE, EN COPTE, 


ti-et et-ti je donne. | 
ti-k (ou ti-t) k-ti tu donnes. | 
tif S-ti tl donne. 
ti-s s-ti elle donne. 
ti-n n'-ti nous donnons. | 
ti-nt tetn'-ti vous donnez. 
ti-sn se-ti ils donnent. 
‘‘ Le pronom personnel se place en hiéroglyphes aprés, en Copte avant. 
p-sheere-t pa-shere mon fils. 
p-sheere-k pe-k-sheere ton fils. 
p-shere-f pe-f-shere son fils (m). 
p-sheere-s pe-s-shere son fils (f). 
p-shzere-n pe-n-shere notre fils. 
p-sheere-tn pe-ten-sheere votre fils. 
p-sheere-sn p-ore-shere leur fils.” 
Lepsius, Lettre, et Rossellint. 


That any general statement in this department of philological criticis™ 
requires to be received with caution is shown by the following exceptions 
that may be taken to a position of Dr. C. Tutschek’s, whose Galla gramms!. 
like the Berber grammar of Mr. Newman, is the work of a sound 
philologist. After the statement that, in the Galla language, the inflexion 
are always formed by means of affixes, we find that the frequentative 24 
intensive forms are denoted by what approaches to a prefix, viz. a reduplt- 
cation ; €.g. tura = to wait; tu-tura = to wait a long time. We also find 
a true prefix, #z-, recognized by Mr. Tutschek. 

It is also stated that composition is rare in the Galla; and the words 
gaddebia = to condescend, from gadi = downwards, and debia = to {uta 
back, is quoted as a single instance; the ¢ being dropped in the connexio- 
This would, probably, not be the case if the verb did not begin with the 
same consonant with which gadi ends. 
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In gad: lakiza = to let loose, the two words stand separate, and gadi is 
unaltered in form. All this is a question of euphony rather than of com- 
position: the truth being that the amalgamation which distinguishes a com- 
pound word from two words is, generally speaking, imperfect in the Galla. 
In all languages where there are but few inflexions, the difference between 
one compound, and two separate words, is frequently equivocal; in none 
more so than in our own. Nevertheless, the principle of composition may 
be part and parcel of such a language, and in some dialect, other than the 
particular one under consideration, may appear in an unequivocal form. 

4. The difference between the details of the African Inflexions in cases where 
the generat principle is the same.—Between the general character of the 
grammar in the Mandingo, Howssa, and Yarriba languages, no difference 
has ever been indicated. The inflections are found in the same parts of the 
language, to the same extent (there or thereabouts), and formed according 
to the same principle. Yet the particular inflectional elements have little or 
no likeness. The so-called signs of the tenses, moods, &c. differ. Precisely 
the same occur in the American languages, where the general grammatical 
character is pre-eminently uniform. This is not the case with the Indo- 
European languages, where the sign of (e.g.) the first person singular is the 
same throughout the whole class, ei-45, su-m, a-m, &c. Yet Indo-European 
criticism should not mislead us. Languages which separate from the come 
mon mother-tongue after the evolution and fixation of an inflectional system, 
are more alike in their grammars than in their vocabularies; whilst lan- 
guages that separate from the common mother-tongue before the evolution 
of an inflectional system are more alike in their vocabularies than in their 
grammars. They develope the latter independently. Hence the value of 
the grammatical and glossarial evidence is different for different languages. 

A question similar to the last is the following :—What is the value of the 
numerals as compared with that of an equal quantity of other words equally 
fundamental, in determining the affinities between languages in general, and 
those of the African languages in particular? We have frequently the five 
or ten first numerals as specimens of a language, when we have not a word 
besides; and perhaps we get this scanty amount of information oftener from 
Africa than elsewhere. : 

The value of the numerals as compared with that of an equal quantity of 
other words equally fundamental in determining the affinities between lan- 
guages is not constant; it is different for different languages. Throughout 
the whole range of the Indo-European languages we find the numerals alike, 
where the remainder of the language presents differences much more con- 
siderable. Throughout the American languages in general we find the nu- 
merals unlike, where the remainder of the languages presents differences much 
less considerable. Now the evidence of the African numerals is of the same 
kind as that of the American. Coincidence proves affinity much more than 
non-coincidence proves difference. 

If I ventured to account for this inconstancy in the ethnological value of 
the numerals, the hypotheses would be based on the following distinction. 

There are two sorts of numerals, the former of which probably grew out 
of the latter. 

1. Exclusive numerals; like two, three, twenty, &c. 

2. Secondary numerals; like couple, brace, leash, score, &c. 

When languages have separated from the common mother-tongue after 
the evolution of a system of exclusive numerals, there is little change, and 
Qo room for any variety of expression. 

When languages have separated from the common stock before the evolu- 
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tion of a system of exclusive numerals, there is change, and there ¢s room 
for some variety of expression. We can choose between the words pat, 
couple, bruce, leask; and hence four different languages, closely allied 2 
other respects, may each adopt a difference in the numerals. 

This, and much similar preliminary criticism, should be borne in mind 
often as the African languages are studied for the purposes of ethnograpty: 
since the difference of opinion amongst competent judges is not so much in 
respect to the facts, as in respect to the appreciation of them. Without dee 
caution, the lines of separation are likely to be drawn too broadly. 

Now it is not the object of the present paper to establish any gener 
assertion by full and irrefragable evidence. Such an undertaking would re- 
quire both more space and more opportunities than the writer can allow 
himself. All that he undertakes is to clear the way for future researcher 
This he attempts in two ways :—- 

1. By arranging the bibliographical part of the subject, and by classifying. 
in a rough and provisional manner, a mass of numerons and fragmentary 
materials. 

2. By submitting to the learned world a certain amount of primd face 
evidence in favour of the fundamental unity of the African languages in 
general. For this theorem he professes only to prepare the proof; not to 
supply it in full. 

The languages upon the isolation whereof the most has been said, are 
the Fulah, the Berber, the Coptic, and the Caffre. That of the Hottentot 
has, perhaps, been tacitly assumed, rather than insisted on. 

1. The Fulah has to be studied carefully. Its supposed isolation has been 
as little supported by argument as its connexion with any other language has 
been proved. It has undoubted miscellaneous affinities. 

2. Miscellaneous African affinities for the Berber have already been re- 
ferred to, vid. sep. Besides which, the researches of Mr. Newman and the 
French scholars are likely to throw much new light upon this language. 

S. The Coptic is also under study. Nevertheless, its miscellaneous Afn- 
can affinities that have already been discovered are sufficient to show that it 
cannot properly be isolated. For every step that can be taken to prove the 
extra African relations of the Coptic, it is believed that a similar ove may 
be taken in the opposite direction, leading towards its position amongst the 
Negro languages. The following short table is the result of a very limited 
and unsystematic investigation. 


English slave. English hog. 
Coptic bok. Coptic eshau. 
Bogharmi  _bakee. Mandingo _ seu. 
Finglish stone. Uhobo eS5t. 
Coptic . al, English cow. 
Moko ala. Coptic ehhe. 
Fulah airs. Ibu ehi. 
Wolof heer. English head. 
English grass. Coptic hakhi. 
Coptic entekh. Howssa hai. 
Karaba ndoh. Kossa ngut. 
. Pessa nkung. 
English sheep. 
Co otic esou. Bambarra Aung. 
Mandingo _sato. English fish. 
Kissi 3a. Coptic saak. 
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Moko Sus. Bassa tri. 
Kissi St. Uhobo aru. 
Ibu za. . . 
Rango sha. Corie bint 
Akuonga shi. Takeli ani=sun. 
English drink. Timmani nei=do. 
Coptic 80. Moko ania=do. 
Howssa sha. Kissour ouena=do. 
English sleep. Rassenti uarn= do ; 
Coptic hhina. Ibo a moon 
Mandingo __ sino. Ful h nanaiaeeun. 
Fulah danu. ula "gy 
Howssa huano. English sun. 
Akuonga _heno. coptic 4 re. 
Fngish in Damkil ie 
Coptic hhalaat. Adaiel ayero 
Tapua eli. Horror cer, 
Popo heli. Bassa uiro. 
English tree. Agow 
Coptic shert. Somauli ghurrah. 
Bambarra zirt. ru guiro. 
English — - wood Ako- orung. 
Coptic she. English water. 
tshu, &c. optic mo, mi. 
English fire. igre |. Mat 
. Harargie ms. 
Coptic shahh = flame. g} 
Mandingo — tah. Denks Siori. 
Shilluck ji 
Susu (et Uhobo ami 
Fante gja. K 0 t 
araba mar. 
English eye. Ako omi. 
Coptic torhh=pupil. Sowaiel mOye. 


The Abyssinian languages are a part of Semitic philology ; and the Ber- 
ber, Coptic, and even the Galla languages, are becoming more and more so 
every year. This defers the consideration of many points which may pos- 
sibly be expected in the present paper. If the direction of modern researches 
have a tendency to place more than one African language in the same group 
with the truly Semitic tongues of Arabia and Syria, it must be remembered 
that it by no means follows that a language by becoming Semitic ceases to 
be African. This is an opinion which is naturally (I had almost said neces- 
sarily) derived from the sequence of affinity between the Tigre, the Agow 
and the Gonga languages of Abyssinia on the one side, and the languages 
of Africa in general on the other. 

It is also an opinion derived from the Semitic affinities of the Galla 
languages——Semitic on one side, African on the other. 

4. The apparent isolation of the Caffre group of languages has already 
been noticed. The following table, the result of a limited and unsystematic 
investigation, affords perhaps something more than mere primd facie evidence 
of its fundamental affinity with the other tongues of the Continent. 
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English 


Congo 
Shilluck 
Agow 
Ako 
English 
Malemba 
Benin 
Howssa 
Caffre 
Darfur 
English - 
Makua 
Gafat 
English 
Suaheli 
Wanika 
Wakamba 
Gongo 
Woratta 
English 
Quilimani 
Tigre 


English 
Makua 
Shankala 
English 
Makua 
Gonga 
Woratta 
English 
Congo 
Loango 
Camba 
Karaba 
Rungo 
English 
Suaheli 
Wanika 
Wakamba 
Msegua 
Shankala 
English 
Congo 
Magialoua 
Camba 
Loango 


Embomma 


Bunda 
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man. 


igtule, 
gélua. 
okort. 
man. 
mountou, 
mounlou. 
mata. 
indoda, 
duedeh. 


Married man. 


girl, daughter, 
woman. 


Wakamba 
Msegua 
Suaheli 
Wanika 
Akkim 
Karaba 
Ashantée 
Fantee 
Danakil 
Galla . 
Somauli 
Tapua 
Nufee 
Popo 

Fot 
Akuonga 
English 
Ukuafi 
Mandingo 
English 
Ukuafi 
Agow 
English 
Suaheli 
Wanika 
Guderu 
English 
Makua 
Fulah 
Kissi 
English 
Wakamba 
Msegua 
Msambara 
Congo 
Fertet 
Denka 
Danakil 
Ako 
Rungo 
Ashantee 
Woraitta 
Wolatta 
Gonga 
Bassa 
English 
Malenba 
Embomma 
Kouri 
English 
Abunda 
Shabun 


English 
Ceakua 
onga 
Kaffa 
English 
Suaheli 
Wanika 
Wakamba 
Takeli 
Sereres 
Mandara 
English 
Msambara 
Showiah 
Ibo 
English 
Suaheli 
Msambara 
Gafat 
Kaffa 
Tigré 
English 
Caffre 
Gafat 
Tigré 
English 
Malemba 
Popo 
Fantee 
Embomma 
Susu 
English 
Makua 
Takeli 
Falasha 
English 
Makua 
Congo 
Quilimani 
Sohili 
Nubian 
Benin 
English 
Sech uana 
Darfur 
Koldagi 


mouth. 
nyano. 
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English tongue. 
Makua limi, louma. 
Sohili ulimi. 
Wanika lummi. 
Wakamba uimt. 
Msegua ulimit 
Denka leb, 
Shilluck leb. 
English mouth. 
Mogialoua = nua. 
Makua yanu 
Sohili gquinud. 
Sechuana shano 
Kouri noua. 
Uhobo onu. 
Karaba inuct. 
Ashantee anu. 
English beard. 
Caffre tndevu. 
Sohili ndeou. 
Harargie debban. 
English knee. 
Caffre idolo. 
Shilluck tillah=leg 
English foot. 
Caffre unyau 
Shaboon ongi. 
Kouri noi. 
English foot. 
Loango hula, guirio 
Bongo kuli. 
Rungo igult. 
Harargie gillth=knee 
English foot. 
Ukuafi engedu. 
Koldagi kuddo. 
Woratta godea=knee 
Wolaitsa gaddea= 
Timmani hatuk. 
English foot. 
Suaheli Gu. ; 
Wanika gulu. 
Guderu djilba=do, 
Gafat gulbata=do. 
Ag.of Ag. gitrb=do. 
W. Agau. gerim=do. 
English belly. 
Ukuafi engoshoge. 
Falasha gozigu. 
Ag. of Agaum. guzig. 

ec e eee gusge. 

W. Agaun. Gizu. 


Q 
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English 
Congo 
Suaheli 
Wanika 
Ukuafi 
Somauli 
Danakil 
Howssa - 
Gafat 
Fulah 
Darfur 
Benin 
English 
Mogialoua 
Abunda 
Koldagi 
English 
Mogialoua 
Abunda 
Congo 
Fertit 
English 
Ukuafi 
Denka 
English 
Suaheli 
Wanika 
Wakamba 
Msegua 
Tigr 
Guderu 
Karaba 
Bornu 
English 
Suaheli 
Wanika 
Msegua 
Wakamba 
Quilimani 
Guderu 
Tigre 
English 
Msegua 
Koldagi 
Susu 
English 
Malemba 
Embomma 
Wolof 
English 
Makua 
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lou 


aloh =sun, day. 


English 
Somauli 
Guderu 
Kru 


English 
Kongo 
Loango 
Ibu 
Bongo 
Bimbia 
English 
Congo 
Abunda 
Somauli 


English 
Ukuafi 
Gonga 
Woratta 
Wolaitsa 
English 
Sowaiel 
Msambara 
Wanika 
Wakamba 
Denka 
Shilluck 
Nubian 
Howssa 


Bechuana 
Wanika 
Wakamba 
Sowaiel 


Dongola 
Mobba wy 
Kossa 


English 
Suaheli 
Wanika 
Msambara 
Somauli 
Galla 
Sungai 
Amharic 
Kru 
Bassa 
Yangaro 
English 
Kongo 

on 
English 
Suaheli 
Wanika 
Wakamba 


earth, 
nti. 
endit. 


Zit. 
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English 
Sechuana 
Ako 

Ibu 
English 
Sohili 
Wanika 
Msambara 
Bornu 
English 
Ukuafi 
Tapua 
Gafat 
Gongo 
Woratta 
Kaffa 
English 
Malemba 
Embomma 
Uhobo 
English 
Caffre 
Fulah 
Caffre 
Msambara 
Benin 
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English 
Congo 
Kissi 
Popo 
English 
Congo 
Mandingo 
English 
Congo 
Rungo 


Ashantee 
Fantee 


English 
Congo 
Tapua 
English 
Malemba 
Embomma 
Tapua 
English 
Congo 
Bongo 
English 
Makua 
Wolaitsa 


. For the Hottentot I have only the following miscellaneous affinities — 
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dia, &c. 
drink. 


RUA. 


English I. 
Makua RiO 

W. Agau. Gn. 
Falasha ani. 
Tigre anie, &c. 
English my. 
Suaheli “Yango. — 
Wanika -yango. 
Wakomba _— -yagoa. 
Ukuafi “at, 
Msegua -ANgO. 
Ag.of Agaum. ye- 
Guderu -ko. 
English thy. 
Suaheli -yako. 
Wanika -yako. 
Wakomba -Yagu. 
Ukuafi “int. 
Msegua -ako. 
Ag. of Agaum. k- 
Guderu hie. 
English his. 
Suaheli -yakwe. 
Wanika -ye. 
Wakomba “gue. 
Ukuafi ~egnie. 
Msegua -akwe. 
Ag. of Agaum. xg- 
Guderu -Sa. 
English two. 
Wakamba thi. 
Woratta laha. 
Wolaitsa laha. 
English four. 
Makua tchetcho. 
Yangaro achech. 
English ten. 
Ukuafi tomon. 
Woratta tama. 
Wolaitsa tamma. 
English near. 
Suaheli haribu. 
Gafat harilish. 
Tigre hurub. 
Somauli ghurrah. 
Kru gutro 
Kanga jiro. 
Wawn Sirr. 


English 
Corana 
Bushman 
Fertit 
English 
Bushman 
Darfur 
English 
Corana 
Shilluck 
English 
Corana 
Bushman 
Shilluck 
English 
Corana 
Falasha 
English 
Corana 
Bullom 
English 
Corana 
Kossa 
English 
Bushman 
Mandingo 
English 
Corana 
Bushman 
Susu 
Howsega 
English 
Corana 
Congo 
Somauli 
Bushman 
Fot 
Ashantee 
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yuke. 


duba. 


English 
Bushmau 
Makua 
English 
Corana 
Bushman 
Makua 
English 
Corana 
Bushman 
Makua 
English 
Corana 
Hottentot 
Makua 
English 
Corana 
Howsea 
English 
Bushman 
Bagnon 
Fulah 
English 
Corana 
Bushman 
Bagnon 
Timmani 
Bullom 


English 
Bushman 
Seracolé, &c. 
English 
Corana 
Bushman 
Sereres 
Waag Agau. 
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Such is the provisional classification, combined with the bibliography, of 
the languages of Africa. Such also is the primd facie evidence for believing 
that the phenomenon of philological isolation is not to be found in Africa*. 


* After the portions of the present report which relate to the Tamali and Fazoglo lan- 


guages had been written, 


fresh researches of Dr. Tutschek’s were put into my hands. Th 


will appear in extenso in the ‘ Philological Transactions’ for June. From these, I learned, 
that Dr. Tutschek, simultaneously with myself, and independently, had identified the Fazoglo 
with the Zimamy! language. 
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On the various methods of Research which contribute to the Advance- 
ment of Ethnology, and of the relations of that Science to other 
branches of Knowledge. By James Cowies Pricnarp, M.D. 
F.R.S. &c. 


Ir may be remembered that in the series of reports on the progress of 
science in its different departments, comprised in the first volume of the 
¢ Transactions of the British Association,’ there was one memoir on the con- 
tributions afforded by physical and philological researches to ethnology and 
the history of the human species. The admission of that paper by the editors 
of the Transactions, gave those persons who had made ethnology their 
favourite pursuit some ground for hope, that this would for the future be 
among the recognised branches of knowledge, for the cultivation of which 
provision would be made at the meetings of the Association. It is almost 
needless to say that this hope was disappointed, and that no arrangements 
having been adopted for the discussion of ethnological questions, some very 
elaborate memoirs sent to the meetings of the Association, by distinguished 
scholars, were returned without having obtained a hearing*. Tt was not until 
after several annual meetings had taken place, that it was determined to 
afford an opportunity for the pursuit of ethnological inquiries by making for 
that purpose a subdivision of one of the sections devoted to natural history 
or physiology. 

There seemed to be an obvious propriety of systematic arrangement in 
contemplating the natural history and physiology of man as forming buta 
part of the study of living nature in general. Physiology, in the sense which 
modern writers attach to that term, has a comprehensive meaning, though 8 
more restricted one than its original acceptation. The physiologia of the 
ancients comprised the knowledge of nature in all its departments. Modem 
writers have divided this universal science into two great provinces, and they 
have termed the study of one “ natural philosophy,” and that of the other 
“ physiology.” They have observed that the objects respectively contemplated 
by these sciences differ from each other in the manner of their existence. Per- 
manence and identity of being is the attribute of one class ; the characteristic 
of the other is successive generation and decay. Perpetuity of existence, % 
far as our experience of time extends, simplicity of structure, and preserva 
tion of the same form and state, unless changed by external agency, belong 
alike to the smallest molecules of the unorganized world and to those great 
masses, which, age after age, revolving in the heavens, have offered then- 
selves to the view of countless generations. Natural philosophy claims ths 
division of created things and leaves to physiology those beings which have 
a less permanent duration, which exist in successive generations destined, one 
after another, to rise, flourish, and decay, which, beginning from ova or seeds, 
grow to a definite extent by accretion of particles from without, assume 4 
particular form, subsist in perfection for a definite space of time, and thes, 
after giving origin to new germs or rudiments, prepared according to certaiD 
fixed laws to secure the continued existence of each tribe, fall at length 8 
prey to the dissolving powers of the external elements. These are the com- 
mon properties of all organized beings. The theory of these processes cot- 
stitutes the physiology of modern times, and it is obvious that the physical — 
relations and the natural history of man come within these limits. If, there — 
fore, the real scope of ethnology were merely an inquiry into the physic# 

* Among them may be mentioned a memoir by Dr. West, a distinguished member of the 


Royal Irish Academy, on the races of men who formed the original tion of the 
British Islands. popes 
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constitution of human tribes in comparison with each other, as it appears to 
have been supposed, there would be an obvious propriety in making this 
study a subdivision of physiology or the science of organic nature. 

But those who have devoted their attention to that pursuit are well-aware 

that the objects of ethnology are very distinct from the study of organic 
nature or physiology. Ethnology is, in fact, more nearly allied to history 
than to natural science. Ethnology professes to give an account, not of what 
nature produces in the present day, but of what she has produced in times long 
since past. It is an attempt to trace the history of tribes and races of men 
from the most remote periods which are within the reach of investigation, to 
discover their mutual relations, and to arrive at conclusions, either certain 
or probable, as to their affinity or diversity of origin. All this belongs rather 
to archeology than to the science of nature. It is true that many of the 
subordinate investigations by means of which we collect data for ethnological 
inductions ace within the province of physiological science. The facts and ana- 
logies which natural history and physiology present, furnish in many instances 
the data or the arguments on which the conclusions of the ethnologist are 
founded. These contributions of natural history and natural science are, how- 
ever, but a part of the resources of which the student of ethnology avails 
himself, and we shall find that he borrows fully as much from other depart- 
ments of knowledge, quite separate from the study of nature and her pro- 
ductions. The results, moreover, at which he arrives do not fall within any 
department of natural science. They are archeological or historical. It may, 
therefore, be contended that in strict propriety they scarcely find their place 
in the great system of scientific inquiries which are the objects of the British 
Association. 

But ethnology has at least one claim to be admitted in the list of such in- 
quiries, since it stands, in these respects, precisely on the same ground as 
one of the most popular of the studies which are cultivated by the British 
Association, and it would be impossible to deny a place to one of these pur- 
suits and concede it to the other without a manifest inconsistency. By com- 
paring the position of ethnology to that of geology, we shall be enabled to 
survey in a clear point of view the relations which both of these studies bear 
to other branches of human knowledge. 

Geology is, like ethnology, a history of the past. It is an investigation of 
the changes which the surface of our planet has undergone, while, from 
being a mass of inorganic matter, it became, through successive revolutions, 
gradually fitted to be the birth-place of beings endowed with faculties which 
fit them to contemplate and admire the order of the universe and recognise 
its Divine Maker. The arguments on which the student of geology builds 
up his theory, are facts collected by observation from various departments 
of natural history and science. He inquires into the operations which nature 
carries on in the present day; but this is with the view of applying the in- 
formation so acquired to inductions as to what happened in past times, 
and of tracing in the different layers of the earth’s crust the series of cata- 
strophes and renovations which it has undergone. This investigation evi- 
dently belongs to archeology or to the history of the past. By a learned 
Writer, whose name is recorded for ever in the annals of the British Associa- 
tion (the Reverend Dr. Whewell), the appropriate epithet of paleontology has 

been assigned to this department of knowledge. “ Paleontology,” for which 
“ physical archeology” is a synonym, includes both geology and ethnology. 
The former is the archeology of the globe; the latter that of its human in- 
habitants. Both derive a part of their materials from different divisions of 
natural history. But ethnology, as I have remarked, obtains resources for 
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the history of nations and of mankind from many other quarters. It derives 
information from the works of ancient historians, and still more from the 
study of languages and their affiliations. The history of languages, indeed, 
greatly extended as it has been in late times, has furnished unexpected re- 
sources for the improvement of ethnology, which could hardly have advanced 
a few steps without such aid. As geology would have been a barren and 
uninteresting study, and uncertain in most of its results without the ade 
which the study of organic remains has unexpectedly afforded, serving to 
identify geological formations and to connect particular series of rocks with 
periods in the world’s history ; so it has been through discoveries in the re- 
lations of languages that the ethnologist is enabled to trace alliances between 
nations scattered over distant regions of the earth, of whoge connections with 
each other he would have had no idea without such evidence. 

In the hope of illustrating the view of this subject which I have thus 
pointed out, I shall now take a brief survey of the whole field of these re- 
searches, and shall endeavour to form some idea of the resources which each 
department of knowledge is capable of furnishing towards the advancement 
of ethnology. But here, in the outset, I must crave the indulgence of those 
who are already conversant with the history and progress of this science, 
since it will be impossible for me to accomplish the task which I have under- 
taken without saying much that must to such persons be already weil known 
and familiar. 

In the first place, I shall advert to the aids which the study of living 
nature, or of the organized world, has furnished in aid of these inquiries. 

The assistance of anatomy is obviously indispensable in the promotion of 
ethnological inquiries. Many writers, indeed, seem to have regarded eth- 
nology as consisting principally of the comparative anatomy of different 
races of men, and they have devoted their attention almost exclusively to 
diversities in anatomical structures supposed to distinguish particular tnbex. 
The first attempt to point out such distinctive characters on any scientific 
method was that of the celebrated anatomist Camper. I:very one knows 
that the distinguishing character pointed out by this writer was founded on 
the shape of the skull and the measurement of the facial angle. The facial 
angle of Camper is included between two lines, one of which is drawn from 
the passage of the ear to the basis of the nose, and the other is a line slanting 
off from the forehead to the mouth, or rather to the most advanced point of 
the upper jaw-bone. This angle was thought to afford a measure of the capa- 
city of the anterior part of the skull, and of the size of the corresponding 
portion of the brain. Camper, who had within his reach very few skulls for 
examination, thought that he found this angle of different extent in different 
classes of human heads. He found that skulls of Europeans, when thus 
measured, gave an angle of 80°, the skull of a Kalmuk one of 75°, and the 
skull of a Negro one of only 70°. He observed that there are forms of the 
head in which the angle appeared to be greater than it is in the Europes), 
and others in which it is less than in the Negro. Those which have it greatef 
than it is in the European, and in which it amounts to 90°, are the ideal 
heads of Grecian gods, forms not existing in nature ; and the first among the 
skulls in which this angle is less than in the Negro are those of apes. In 
these last the angle was estimated by Camper at 64°, 63°, or 60°. Camper 
accordingly thought that he had found in the skulls of Negroes a type inte 
mediate between the cranium of the European man and that of the Orang: 
But in this he was mistaken. The supposed gradation exists only when skulls 
are compared which have the infantile form, or before dentition is complete. 
After the period of dentition, when the jaws have obtained their full deve 
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lopement, the difference in the facial angle in the heads of 
human skulls in which it has the smallest measurement, bec 
In the Troglodyte the angle is 35°, and in the Orang or Satyr 1 
as we learn from the measurements of Professor Owen. 

The venerable Blumenbach, whose name will never be forgotten so long 
as ethnology shall be a subject of study, was really the father of this science. 
He was the first who possessed, or rather with immense labour and assiduity 
collected, the materials requisite for instituting an accurate inquiry into the 
physical differences of the various races of men. Blumenbach divided the 
forms of the human head into five varieties. He designated them, not as it 
would perhaps have been better to have done in the first instance, by descrip- 
tive epithets, but by the names of the races of people to which they belonged, 
or of the regions of the world whence these races were supposed to have 
originated. The Caucasian form was so termed from Mount Caucasus, to 
which Blumenbach observed that ancient traditions refer the origin of many 
celebrated rations. He supposed this to be the primitive type of the human 
skull, and regarded the other forms as degenerations from it. These were 
the Mongolian, the American, the Ethiopian, and the Malayan. The five 
forms were supposed to prevail through five divisions of mankind, compri- 
sing between them the whole human family. This distribution was com- 
plete so far as the ethnographical knowledge of the time allowed it to be; 
but it would be necessary in the present day to enumerate many additional 
varieties in the shape of the skull, and to constitute additional human races, 
if we would follow the same method and adapt it to the present state of our 
acquaintance with distant regions of the earth and their inhabitants. On 
this remark I shall not enlarge at present, since I shall have, in the sequel, 
to advert to many of the facts which bear upon it. Blumenbach’s delinea- 
tions of skulls were admirable, and his descriptions of the forms supposed to 
be most prevalent are invaluable. There is, however, one very important 
view of the shape of the head which he seems to have overlooked. In com- 
paring the heads of human races with those of apes, the form of the basis of 
the skull should be examined, since this displays, in the most striking man- 
ner, the immense difference between the structure of the human head and 
that of the inferior tribes. This was first pointed out by Professor Owen. 
The same comparison is by no means to be neglected in the observation of 
the distinctive characters of nations. 

The latest classification of skulls, with a view to the discrimination of 
national varieties, is that proposed by Professor Retzius of Stockholm, an 
ingenious and able anatomist and a very estimable man, who has lately de- 
voted his talents to this investigation. Professor Retzius’s researches are 
well known, and it is quite needless for me to recapitulate his results. They 
are particularly interesting in one point of view, not contemplated, as it would 
appear, by the excellent author,—I allude to the fact, that he seems to have 
established distinctions in the forms of the skull between nations, who, 
though for many ages separate, are historically known to have descended 
from the same original stock. 

The head, as it is well known, is not the only part of the human body 
which displays different forms in different human tribes. Varieties in stature 
and in the proportion of the limbs—in the form of the pelvis and other 
parts of the bony structure—as well as in the skin, the hair, and other tex- 
tures, are well known to distinguish races from each other. With respect to 
all these differences anatomical researches have been made which have an 
obvious bearing on ethnology. 

In the next place I must advert to the aids for the cultivation of ethnology 
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which are contributed by animal physiology, or the theory of the animal 
ceconomy. It will be found that there are many relations between this 
branch of knowledge and the pursuits of the ethnologist. One series of 
inquiries which he must elucidate is, whether the great laws of the animal 
ceconomy are the same in respect to all human races; whether any par- 
ticular race differs from others in regard to the duration of life and the 
various periodical changes of constitution, and in the system of physical 
functions generally ; and whether such diversities, if found to exist, can 
be explained by reference to external agencies, or imply original difference, 
and form, therefore, specific characters. Another inquiry connected with 
physiology is, whether variations of form, colour, &c. can be explained by 
reference to any known principle, and how far, and under what conditions, 
they are transmitted to posterity, and may therefore assist us in explaining 
the origination of particular breeds or tribes, marked by some hereditary 
personal characters. 

Natural history, and especially zoology, opens the ground of several in- 
quiries very important in the study of ethnology. 

We must take account, for example, of the variations of form and or- 
ganization to which the different species of animals are subject, in order to 
solve the question, whether the differences observed in human races, when 
compared with each other, are analogous to the natural varieties which spring 
up in tribes of animals, or are such as ifidicate an entire distinction from the 
era of creation, and therefore prove the species ta be separate ? 

Another observation connected with this department ‘of knowledge has 
been brought to bear on the inquiry respecting identity and diversity of 
species,—I allude to the facts connected with hybridity, or the su 
sterility of animals which are the offspring of parents belonging to distinct 
species. It is well known that mules are generally barren; and if it were 
ascertained that the same observation holds good of all other hybrids, 3 
criterion of the identity or diversity of species would be at once obtained. 
This was after the time of Hunter a received doctrine among naturalist. 
So many exceptions however had been asserted to exist to the supposed law, 
that many physiologists of the age of Blumenbach abandoned this doctrine 
of hybridity as a criterion for the discrimination of species. Perhaps thev 
were somewhat hasty in giving up a principle which was not untenable, 
and only required some modification in order to be still an argument of 
great value in the inquiry respecting species. Whatever exceptions may 
occur to the supposed universal sterility of hybrids, certain it is that there 
must be some provision in the constitution of organized beings tending © 
keep their breeds distinct and prevent the amalgamation of really seperate 


kinds. If distinct reproduction had not been the law of organic nature, — 
there would have arisen in the lapse of ages a complete confusion of race — 


in the animal and vegetable worlds, and there would have been scarcely ¢ 
single tribe of distinct and unmixed descent. In fact, hybrid tribes exit 
not in nature, and there must be some natural impediment to their pr- 
duction. The important bearing of this observation on the question I 
specting species in the human family must be obvious to those who conside? 
how often it has been asserted and denied that Mulattos are incapable of 
propagating their offspring through many generations, and that the mixed 
descendants of the Spaniards and the aborigines of South America a 
comparatively unprolific. The present would not be a fit occasion {0 
entering on the discussion of these assertions, and I shall pass from th 
subject, after remarking that the existence and rapid multiplication of 
several mixed human races, as that of the Confusos in the Braxils, and the 
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Griqua Hottentote near the Cape of Good Hope, facts which are now well 
established, are calculated to remove all doubts that can arise on this head, 
as far as human races are concerned. 

Physical geography is another study connected with uatural science, 
which has important relations with ethnology. Physical geography com- 
prehends the localization of those agencies of climate which are supposed 
to modify the organization of living tribes, or which oppose limits to the 
sphere of their existence. With respect to human beings who are cosmo- 
polites, it is the modifying effect of these agencies that we have to observe. 
One series of facts connected with physical geography comprises the effects 
produced upon climates by elevation of the surface of the earth. It is well 
town that in the ascent of mountains changes of climate and vegetation 
ire perceived, analogous to those observed in passing from a lower to a 
ugher latitude. Plants of the frigid zone reappear in equatorial countries 
wear the summits of Alpine mountains. An inquiry is suggested how far 
his may tend to account for the phenomenon that the xanthous or very fair 
‘omplexion, with red hair and blue eyes, is often seen in the inhabitants of 
lipine regions. For example, if we begin from the eastern parts of the 
rorld, we find xanthous people on the Himalaya, in the HindG families 
rho reside near the sources of the sacred rivers at Jumnotri and Gangotri. 
jven the Rajpoots in Rajast’han are known to be much fairer than the 
eople of the lower plains in Bengal and elsewhere. Passing the Indus, we 
nd the Yusuftsyi of the high tracts of Affghanistan a fair xanthous people, 
‘hile the Ghilji of the lower country are dark and the Jauts of the plain 
f the Indus nearly black. Then, agaiu, we find a xanthous tribe on the 
igh mountains of the Hindu-Khf,—I allude to that curious people the 
tah-Posh, who speak a dialect allied to the Sanskrit, and are supposed by 
opp and Ritter and other learned men, to be descendants of the ancient 
ian race who conquered India some thousand years ago, and probably 
ft these people behind them in Central Asia. Far westward, in Arabia, 
‘cording to Bruce, a similar phenomenon is displayed among the inba- 
tants of the cold mountains of Ruddhua; and in Africa among the Kabyles, 
le natives of Mount Aurasius, behind Tunis and Algiers, are so fair and 
‘d-haired, that they have been conjectured, without a shadow of proof, to 
e descendants of the ancient Vandals, as if it were possible for Vandals 
' have made their way to the tops of all the mountains in the world. Even 
| America, among the tribes inhabiting the Rocky Mountains, similar facts 
ave been observed. The rationale of this phenomenon is plainly connected 
ith the physical conditions of so many mountainous regions. It admits of 
comparison with the changes of complexion discovered, as we proceed 
om the country of black races under the equator to that of the fair people 
' Northern Europe. 
Another observation to which J shall briefly advert will serve to indicate 
te bearing which researches in physical geography may have on ethnology. 
he phenomena of vegetation doubtless indicate conditions of climate which 
fe inappreciable by means of thermometers, hygrometers and all our in- 
Tumente ; and when we consider the fact, pointed out by the great botanist, 
Ir. Robert Brown, that the distribution of the great families of plants in 
arious countries in the southern hemisphere approaches to that which pre- 
ails under the equator much more nearly than in the northern vegetation 
{ corresponding latitudes, we are at liberty to infer that the sum total of 
hose agencies of climate which affect organized beings is mucb more 
imilar to that of equatorial countries to the southward than to the north- 
rard of the line. ‘This conclusion may be considered in relation to the 
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well-known fact, that the varieties of the human species existing in the grest 
southern continents are much more similar in physical characters to the native 
races of the torrid zone than any of the aboriginal people inhabiting the 
northern regions of the world. 

I have briefly touched upon the principal branches of the science of nature 
which afford resources for the cultivation of ethnology, and it now remaim 
for me to take some notice of the aids which history and archeology c- 
tribute in promotion of the same inquiries. 

Those historical investigations which are alone fitted to promote the r- 
searches of the ethnologist must compass a wide field, and go far beyond 
the information that can be collected alone from the writings of ancient sx 
modern annalists. Much indeed is to be found in the works of such writes 
as Herodotus, Aristotle, Diodorus, Ceesar, Pliny, Strabo and Tacitus, that s 
useful in investigating the history of those nations in Europe and Asia whieh 
were within the sphere of the knowledge of the Greeks and Romans; but 
all such information would be not only confined, but fragmentary and dis 
jointed, without some more comprehensive means of illustration that may 
serve to bring the various notices scattered through ancient writers into 
some distinct relation with tribes of people actually known to us. We mus 
collect all the different lights that can be brought to bear on the history o 
nations, whether from the testimony of ancient writers, or from manners, 
customs and institutions—from old popular traditions, poetry, mythology- 
from the remains of ancient art, sculpture, architecture, inscriptions—a 
from sepulchral relics discovered in many countries, consisting of tombs cot- 
taining embalmed bodies, or more often the mere skulls and skeletons of the 
ancient inhabitants, which furnish the most authentic testimony that can 
be procured as to the physical characters of various races of people. Besides 
all these, there is another source of information more extensively available 
than any of them,—I allude to the history of languages and their affinities 

The history of mankind is not destined, like the fundamental facts of 
geology, to be dug out of the bowels of the earth, though some of the 
ancients thought otherwise, if we may judge from the abundance of sculp 
tures and inscriptions with which they covered the sides of caverns. Curios 
documents have however been discovered in various countries beneath the 
soil, which have brought evidence of historical facts otherwise unknovn. | 
may allude for an example to the great collections of silver money of the 
coinage of the early caliphs of Bagdad, which have been dug upin vanow | 
places in the neighbourhood of the Baltic, marking out the path of an e- 
tensive traffic between the east and the north, at a time when the northern 
people of Europe are generally supposed to have been in a state of extrem 
barbarism. But the discoveries most interesting in relation to ethnology. 
are those of sepulchral remains, which in various regions of the world have 
preserved authentic records of the physical characters and arts of maoy | 
ancient races. I hardly need allude to the discoveries in the Egypta 
Thebaid—a vast srepulchre, where the successive generations of thirty cet- 
turies lie embalmed beneath their dry preserving soil, expecting vainly the 
fated time, now long since past, when they were to be summoned before the 
tribunal of Serapis. Another African race exists only in mummmies,—I allede 
tu the insular Guanches, the ancient inhabitants of the Fortunate Islands, 
who now, falsifying this name, exist only in the caverns of Teneriffe or it 
European museuins, to which they have been transported as curiosities. 
Over vast wildernesses in the northern regions of Asia, along the banks of 
the Irtish and beyond the remote Jenisel, innumerable tumuli are scattered, 
containing the remains of ancient art and long-extintt races of men; and it 
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is a remarkable fact, that in this wintry region, where organic nature seems 
to struggle against the elements for a precarious existence, even the arts 
of decoration were studied in those times of yore which witnessed the 
erection of these tombs. Implements of silver, gold and copper, girdles 
of the precious metals, bracelets decked with pearls, and fragments of por- 
celain, have surprised the travellers who have seen a few of these tumuli 
excavated. Similar tumuli spread over the north of Europe contain the 
remains either of the same people or of races more barbarous than the 
Asiatics. Hundreds of these have been rifled by treasure-hunters, or by 
mere antiquaries little more enlightened, who have sought to make collec- 
tions of curiosities without any view to promote science or history. Of late 
years, Eschricht, Nilsson and Retzius have attempted in Denmark and 
Sweden to identify in these relics the remains of different races supposed to 
have inhabited successively the north of Europe in early times. Their 
example has been followed by Dr. Wilde in Ireland and by MM. Robert 
and Serres in France. I shall only observe, that in the opinion of the 
learned Swedes who have devoted their attention to this subject, the sepul- 
chral remains of Northern Europe may be referred to three successive seras. 
They display different physical types and different stages of advancement in 
civilization. The oldest are the relics of a people with round heads, having 
the transverse diameter of the cranium large in proportion to the longitu- 
dinal. The implements and ornaments which are found in the tombe of 
this race indicate the greatest rudeness. They consist of tools and the heads 
of arrows and lances made of stone and bone, but nothing indicating a know- 
ledge of the use of metals. : Whether these oldest tombs were the sepulchres 
of a Celtic race, is a question not yet decided. It seems to be the opinion 
of Retzius and that of Nilsson who has written a learned work on the anti- 
quities of Scandinavia*, that they were the burial-places of a people much 
older than the Celts. Similar remains more recently discovered in France, 
have been supposed by MM. Robert and Serres to be referrible in like 
manner to different eras, but to what successive races they respectively 
belonged is as yet only matter of conjecture. It seems however to have 
been observed in many parts of Europe, that the skulls, which from their 
situation, and from the ruder character of the implements and ornaments 
buried with them, may be supposed to have belonged to the most ancient 
class, are of a rounder and broader form than the crania discovered in 
tombs of a later date ; and this observation tends to support the notion en- 
tertained by many persons, that the west of Europe had inhabitants pre- 
viously to the arrival of Celtic colonies, and that these earliest people 
belonged to a family of different physical characters from those of the Indo- 
uropean race, and were more nearly allied to the nations of Northern Asia. 
The information afforded by inscriptions is much more definite, and this 
source of knowledge has been greatly augmented of late years by the un- 
paralleled success of modern investigators, who have deciphered the written 
memorials of many ancient nations, engraven on rocks and various monu- 
ments, though the sense had remained unknown for thousands of years and 
even the languages in which they were written had been lost. Numerous 
inscriptions scattered over all India, on rocks and the sides of caves, in KabGl 
and through the ancient empires of Iran and Assyria, through Hadramaut 
and Oman, the remotest districts of Arabia, and through the north of 
Africa, to say nothing of the more celebrated remains of Egypt, prove that 
literature was cultivated in those countries at a time when Europe was in- 
habited by painted or tattooed barbarians. In all those countries inscrip- 


* Scandinaviska Nordens Urinvinare, af S. Nilsson. Lund, 1838-43. 
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tions which have been gazed at with stupid wonder by the descendants of 
the people who engraved them, and ascribed to the workmanship of imp 
and genies, have been at length read within a few years and explained for 
the first time after thirty centuries. The discovery began, as every one 
knows, with the deciphering of the Egyptian hieroglyphics. The efforts of 
Dr. Young and Champollion gained the clue, unravelling mysteries in 4 
field where it has been reserved for a distinguished scholar of the presest 
day (the Chevalier Bunsen) to erect the edifice of the most ancient history 
of the world, a monument of the intelligence of modern Europe more exalted 
than the royal pomp of the Pyramids, whose real builders now for the firt 
time come forth to our view, after having been concealed in the rubbish of 
four thousand years. In the next place we must advert to the achievement 
of our illustrious countryman, Mr. James Priusep, in the East, who has real 
and interpreted the inscriptions spread over India and Affghanistan. Many 
curious facts in history have been made known by these inscriptions, and 
among others, the extension of a Macedonian empire over a great part d 
India, and the conquest of the island of Ceylon by a Buddhistical empero 
of Hindustan three centuries before the Christian era. Not less interesting 
are the inscriptions in cuneiform letters spread through the empire of the 
great Cyrus, which are likely to throw an important light on sacred as wel 
as profane history. The clue to the discovery of the sense of these Persia 
records was obtained by Grotefend, Lassen and Burnouf; apd partly aided 
by it, though much more by his own ingenuity, our countryman, Maj 
Rawlinson, has succeeded in reading the history of the Achemenide, et 
graven on their own monuments in a language which was doubtless spoka 
at the courts of Susa and Persepolis, but which has been lost since th 
overthrow of the last Darius. The older Assyrian inscriptions are no¥ 
partly understood, and the names of the ancient kings of Babylon have bea 
found on the walls of their palaces. This most ancient variety of the cunt: 
form system of writing was probably an invention of the northern & 
eastern branch of the Shemite or Syro-Arabian race ; and two other fors 
of writing, perhaps the most ancient in the world, belong to two other stb 
divisions of the same family. The Himyaritic inscriptions lately found # 
various parts of Arabia are strikingly similar to the letters of the Ghf:% 
Ethiopic. They seem to belong to the same alphabetic system prevalet! 
among the southern, perhaps the Cushite branch of the Syro- Arabian natiot. 
Far more celebrated was the third kind of writing, that of the Pheniciats 
the prototype of all the alphabets of ancient and modern Europe, and pro 
bably representing the form of letters in which the sacred Scriptures wet 
originally written. Many historical facts have been already elicited {roa 
these inscriptions, which are highly important in relation to ethnology: 
But there is perhaps no country, with the exception of ancient Egypt,” 
the history, or rather on the ethnology of which a greater light has be 
thrown by the examination of inscriptions than Italy, where by this resourt? 
much knowledge has been obtained of the languages spoken by the sere?! 
races of its inhabitants before the ascendency of Rome. It seems that thet 
old Italic nations, the Latins, the Umbrians, the Opici or Oscans or Aut 
nians, the Samnites and Sabines, the Siculians or CEnotrians—all the 0 
Italic nations except the Tuscans—were not, as Fréret and even as Niebul!! 
supposed, a mixture of Celtic or other barbarous tribes with Greeks or # 
least Pelasgi, but were all derived from a distinct and peculiar branch of tht 
Indo-European stock, and spoke dialects of one language, of which lst 
was one variety. 

The analytical comparison of languages furnishes more important aids 
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the cultivation of ethnology than any other part of what may be termed 
historical research. The history of languages and their comparison and 
classification, termed by German writers “ Sprachenkunde,” has no other 
recognised English name than “ Philology,” which has likewise another 
signification. “Glottology,” though an uncouth word, would be a better 
expression. ‘This may be considered almost as a new department of know- 
ledge, since although long ago sketched out and pursued to a certain 
extent, it has been wonderfully augmented in recent times, and it is only 
through its later developement that it comes to have any extensive relations 
with ethnology. Leibnitz is generally considered to have been its originator. 
The Adelungs, Vater, Klaproth, Frederick Schlegel, Bopp and Jacob Grimm 
have been among its most successful cultivators; and lastly, to William von 
Humboldt it owes its greatest extension, and the character of a profound 
philosophical investigation. But it is not in this light that we have now to 
consider the results of philological researches. It is as an auxiliary to 
history and as serving in many instances to extend, combine and confirm 
historical evidence respecting the origin and affinities of particular nations, 
that the comparison of languages contributes to the advancement of eth- 
nology. If ever we venture to rely on the testimony of such relationship 
between languages as giving proof of ancient kindred between nations, it 
must be when historical considerations render the conclusion in itself pro- 
bable, or indicate that it affords the most natural explanation of the phzno- 
mena observed. Great caution is requisite in drawing inferences of this 
kind, since we cannot always conclude that nations belong to the same race 
from resemblance or identity in their speech. We know that conquests fol- 
lowed by permanent subjugation have caused the people of some countries 
to lose their own languages and adopt those of their conquerors. The 
intercourse of traffic between different countries, the introduction of a new 
religion and new habits of life, especially when rude and barbarous tribes 
have been brought into near connexion with civilized ones, have given rise 
to great modifications in many languages. It is only when we have good 
reason to believe that the resemblances between the idioms of any particular 
nations have arisen from no similar causes, that we are justified in founding 
on such pheenomena an argument of their affinity in descent. The reasons 
which may determine us to entertain this opinion may be of two kinds; they 
may either arise from a consideration of the local position and previous 
history of the tribes of people who are the subjects of our inquiry, or they 
may turn on the particular sort of resemblance or analogy discovered in 
their languages. 

In the first place, if we learn from history that any two nations have been 
remotely separated from each other from a very distant age, and have never 
been bronght into intercourse, we may hence argue that the marks of re- 
semblance discovered in their languages can bear no other explanation than 
that of unity of descent. On this ground we infer without doubt the com- 
mon origin of the Polynesian Islanders and that of the Greeks and Germans 
and the Arian race of Hindustan. 

Secondly, phenomena are discoverable in languages themselves which 
enable us to determine whether traits of resemblance detected in their com- 
parison were produced by intercourse between nations, or arose in the gradual 
developement of their languages and thus prove a common origin in the tribes 
of people to which these languages belong. Analogies from which this last 
inference may be fairly drawn have in many instances been detected between 
languages which have acquired in the lapse of time such differences, that 
one dialect was unintelligible to people who spoke another idiom of the 
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same stock. The following observations will perhaps explain as briefly = 
possible the principles which have either been expressed or followed tacils 
by philologists who have entered upon such inquiries. 

It is the prevalent opinion of philologists that the most extensive relation 
between languages and those which are the least liable to be effaced by time 
and foreign intercourse, are the fundamental laws of construction both ia 
words and sentences. Grammatical construction, or the rules whieh goven 
the relation of words in sentences, appears to be very enduring and constant 
since a similar construction prevails through whole classes of language 
which have few words in common, though they appear originally to hare 
had more. But beyond this there is a cognate character in words then- 
selves, which sometimes pervades the entire vocabulary of a whole family of 
languages, the words being formed in the same manner and according 
the same artificial rule. This may be exemplified in the monosyilabe 
structure of the Chinese and Indo-Chinese languages, and by the principle 
of the vocalic harmony pervading the languages of High-Asia, which | 
shall presently describe, and perhaps by the dissyllabic structure of roots i 
the Syro-Arabian languages. Of grammatical analogy or similarity in the 
laws of construction of words in sentences, including the rules of inflection, 
we have examples in the languages of the aboriginal Aierican nations, bit 
perhaps the most remarkable specimen is to be found in the gr 
system of the Indo-European languages. 

It has been doubted, and the question is difficult to decide, whether 
analogy of structure alone is sufficient to prove community of origio be 
tween languages,—I mean when it is unsupported by verbal resemblances. 
Languages descended from the same stock must, as it would seem, have 
some words in common, or at all events some similar words. Such words 
may be few in number, as we know that they are in idioms certainly be- 
longing to one family. If we compare the Welsh and the Russian, both 
Indo-European languages, we shall find few similar words. On the othe 
hand, the existence of a considerable number of similar words in any t¥0 
languages does not prove those languages to be of cognate origin. Hor 
many words has the Welsh borrowed from the English and the English 
from the French! ‘These idioms are indeed descendants of one origitil 
stock, but their relation is distant and has no connection with the acqus- 
tious which they have respectively made, one from the vocabulary of # 
other, in recent times. The evidence to be deduced from verbal analogs 
depends much on the classes of words in which such analogy is to be traced, 
and on this point the following observations have been made*. 

The particular classes of words which resemble each other in language 
of a common origin and derived from one primitive stock, are generally dif 
ferent in kind from those which one nation borrows from its neighboor 
Even when one people has derived from another a considerable proportos 
of its entire stock of words, there generally remains an indigenous or sbon- 
ginal vocabulary, or if I may be allowed the expression, a home-bred speech. 
consisting of such words as children learn in early infancy, and in the first de 
velopement of their faculties. This domestic vocabulary consists of words of the 
first necessity, such as those denoting family relations, ‘father,’ ‘mother 
‘child,’ ‘ brother,’ ‘ sister ;’ seeondly, words denoting various parts of the body; 
thirdly, names of material and visible objects and the elements of natur 
the heavenly bodies, &c.; fourthly, names of domestic animals ; fifthly, ve™ 
expressive of universal bodily acts, such as ‘eat,’ ‘drink,’ ‘ sleep, ‘ walk, 
‘talk,’ &c.; sixthly, personal pronouns, which are found to be among 

* Abel Remusat, Recherches sur les Langues Tartares. 
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most durable parts of language ; seventhly, numerals, especially the first ten, 
or at least the first five, for many nations appear to have borrowed the second 
five in the decade. As no human family was ever without its stock of such 
words, and as they are never changed within the narrow domestic circle for 
other and strange words, they are almost indestructible possessions, and it is 
almost only among tribes who have been entirely broken up and enslaved, so 
that the family relations have been destroyed, that this domestic language can 
have been wholly lost. Tribes and families separated from each other have 
been known to have preserved such similar words for thousands of years in 
a degree of purity that admitted of an easy recognition of this sign of a com- 
mon origin. . 

A second class of words, which are common to nations who had attained 
some degree of refinement before the era of their separation, consists of terms 
connected with simple arts, such as people acquire early in the progress of 
civilization, as “to plough,” “to weave,” “to sew;” names of weapons, of 
metals, tools, articles of dress. It has been observed that words of this class 
are often common to nations whose domestic vocabularies are different ; and 
on the other hand, different when the domestic vocabulary is nearly the 
same. It is evident that an investigation of these relations of languages may 
occasionally afford the means of throwing light on the history of nations *. 

I shall now endeavour to point out some of the principal results which have 
been obtained in amplification of ethnology from the different methods of 
research which I have surveyed, and particularly from researches into the 
relations of languages pursued on the principles above laid down. I shall 
not however exclude any portion of evidence that can be derived from other 
considerations, such as the former proximity of nations or striking resem- 
blances in their physical characters. : 

The principal part at least of the population of the old continent or great 
continent of the world, if we exclude a few tribes chiefly confined to remote 
districts, the relations of whose languages have not been fully elucidated, and 
likewise the woolly-haired nations of Africa, who inhabit countries within a 
few degrees of the equator, and beyond that line, may be referred to four 
great families distinguished from each other by their languages. The four 
great dynasties of languages, if I may be allowed the expression, are the fol- 
lowing:—1. The Indo-European, sometimes termed Indo-German, and by 
late writers Arian or Iranian languages. 2. The Turanian, or as I shall term 
them, Ugro-Tartarian languages, or the languages of High-Asia and other 
regions to be pointed out. $. The Chinese and Indo-Chinese, or the mono- 
syllabic and uninflected languages. 4. The Syro-Arabian, often termed Se- 
mitic, languages. The three first of these dynasties of languages are con- 
fined to Europe and Asia, the fourth is common to Africa and those parts of 
Asia which are near to Africa. 

__l. The Indo-European languages-—These languages are the national 
idioms of all those races who, at the time of the great Cyrus, became and 
have ever since continued to be the dominant nations of the world. We have 
only to except from this remark those instances in which certain Syro-Ara- 
bian or Ugro-Tartarian nations, under some extraordinary impulse, as the 
outbreak of the Mohammedan fanaticism, have assumed or recovered a 
sway over some of the weaker divisions of the Indo-European race. 

_The Indo-European languages and nations may be divided into many 

different groupes. They might be distributed in the order of their affinities, 


_* M. Rahs, for example, has made use of this consideration in his investigation of the 
history of the Finns, with great success. See “ Finnland und seine Bewohner, von M. Riths, 
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but the most obvious division will be a geographical one. First, then, re 
may distinguish the eastern groupe. This by many writers has been termed 
exclusively the Arian family. It includes all the idioms of the ancient Medes 
and Persians, who named themselves Arii, and their country Eeriéné 
Iran, and likewise the Sanskrit with all the Prakrits, properly so termed, an 
the Pali of India. Among the former was that ancient Persian language i 
which one particular set of the cuneiform inscriptions was written. Ths 
dialect was so near the Sanskrit that the inscriptions have been interpreted 
through the medium of that language. The Zend lays claim to a still higher 
antiquity, since the Zend is said by Burnouf, Professor Wilson and other. 
who have studied it most successfully, to be more nearly allied to the very 
ancient dialect of the Vedas, which preceded the classical Sanskrit, than its 
to this last more cultivated speech. How this claim is to be reconciled wit 
the comparatively recent date of all extant compositions in the Zendish ks- 
guage, remains to be explained. 

That the high-castes or twice-born classes of the Indian race were of the 
same stock as the ancient Persians, may be considered as a fact established 
by the affinity of their languages. The twice-born classes, as they term them 
selves, are the Brahmans, the Xatriyas, and the Vaisyas, or the three highe 
of the four classes of Hindoos. They also have the name of Aryas, whic 
means noble or dignified, and this is doubtless the origin of the epithe 
“Apcot, which, as we learn from Herodotus, the ancient Medes assumed. 
Arian Hindoos must have crossed the Indus and have driven the aborigisl 
Indians across the Vindhya mountains and the Nerbudda into the Dekba, 
where they still exist and speak their native languages, though mixed more 
or less with the Sanskrit of their Arian conquerors, for we know that tit 
Arian Hindoos conquered the Dekhan and Ceylon at an early period. 

Some other Asiatic nations of inferior note speak dialects more remotely 
connected with the same groupe of the Indo-European languages. Among 
these are the Pushtaneh or Affghans, the Armenians and the Ossetes, and 
some other nations of the chain of Mount Caucasus *. 

I should fill avolume if I were to trace the relations of the remaining groupe 
of languages which belong to the Indo-European stock. I shall confine 
myself to a brief enumeration of the principal branches. They are,—1. The 
Greek language and its dialects. It is probable that the Lydian and other 
languages of Lesser Asia, and perhaps also the Thracian and Macedonia, 
were allied to the Hellenic or Pelasgie Greek. 2 The old Epirotic and 
Iilyrian: this language is still well known. It is the Skippetarian, or Albs- 
nian, or Arnaut. It is a distinct Indo-European idiom. 3. The old Italie 
languages comprehending the Latin, Umbrian, Oscan, Siculian, and excluding 
the Rasenic or Etruscan. 4 Probably the Etruscan was an Indo-Europess 
dialect, though distinct from the Italic. But we know very little as yet boat 
the Etruscan language. 5. The old Prussian, including the Lettish and 
Lithuanian, said to resemble the Sanskrit more nearly than any other 
European language. 6. The great Germanic family of languages, most 1m 
portant as comprehending the idioms of that people, who, since they over 
threw the Roman empire, have divided with the Latin nations the dom:nia 
of the world, which from the decided superiority of these races ia their It 
tellectual and moral qualities they seem destined jointly to maintain. 7. 
Slavonian or Sarmatian dialects are a seventh section: they comprehent the 
languages of the eastern parts of Europe, the Russian, Polish and Bohemsas. 
and the dialects of a great part of the countries in Europe subject to the 

* G, Rosen, “ iiber die Ossetische Sprache,” and “ iiber das Mingrelische, Suanische und 
Abschasische.”—Abhandl. der Kénigl. Akadem. der Wissenachaften zu Berlin, 1845. 
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Turkish empire. 8. An eighth groupe of languages are the Celtic, formerly 
spread over a great part of Europe, but now confined to some limited di- 
stricts in France and the British Islands. The Celtic languages were at one 
time supposed to be entirely distinct from the Indo-European stock, their 
affinity to which is now generally admitted, though some are of opinion that 
their descent is not genuine, and that the remains of an aboriginal language 
ws combined with a peculiar Indo-European dialect in the formation of the 
tic. 

Such is the extension of the Indo-European family of languages, reaching 
in one continued line from the mouth of the Ganges to the British Isles, and 
the coast of Scandinavia and of Iceland, without taking notice of the later. 
colonizations of this race in various parts of the world, where they seem des- 
tined to supplant the aboriginal inhabitants. Before proceeding further, I 
shall now stop to inquire what inferences, strictly ethnological, can safely be 
derived from the phenomena connected with this extensive dispersion of the 
Indo-European languages. 

It is well known from history that the nations which have been men- 
tioned have been spread from a remote age over the regions which they 
now inhabit. The Teutonic and Scandinavian tribes of the German race 
were known to Pytheas, who sailed on the Baltic in the time of Aristotle; 
and the Brahmans probably spoke Sanskrit at the court of Palibothra, 
when they were visited by Megasthenes in the age of the first Se- 
leucus. All ancient Germany, Scandinavia, Sarmatia, Gaul, and Britain, 
Italy, Greece, Persia, and a great part of India, were then inhabited by 
nations separate and independent of each other, speaking different languages, 
but languages analogous and palpably derived from the same original. The 
question which now occurs to be solved is, whether the nations themselves 
were kindred tribes of some primitive stock and derived the analogies of 
their speech from some common lauguage which had gradually deviated 
from original identity by variations, at first merely dialectic, but gradually 
increased, or whether the facts admit any other explanation. The only alter- 
hative is the hypothesis that some single nation, to which the Indo-European 
language originally belonged, conquered the indigenous races of Europe 
and imposed upon them all its own language. But it is hard to conceive 
how such an hypothesis can be applicable to the facts under consideration. 
If we suppose an Asiatic tribe, for example, speaking any one idiom belong- 
ing to this dynasty of languages, to have made conquests ever so extensive in 
Europe and Asia, without leaving traces in history, which is almost incredible, 
we shall still be far from a solution of the problem. How could one nation in- 
troduce German languages among the German nations; Celtic dialects, 
Various as they are, among the Celts; the Slavonic language among the 
widely-spread nations of Sarmatia; Greek among the Greeks; the old Italic 
dialects among the nations of Italy ? The supposition is absurd. Moreover, 
there is internal evidence iv the Indo-European languages themselves suffi- 
cient to prove that they grew by gradual dialectic developement out of one 
common matrix. Any person who considers, with competent knowledge of 
these languages, the nature of their relations to each other, the fact that their 
original roots are for the most part common, and that in the great system of 
grammatical inflection pervading all these languages there is nothing else than 
the varied developement of common principles, must be convinced that the 
differences between them are but the result of the gradual deviation of one com- 
mon language into a multitude of diverging dialects; and the ultimate con- 
clusion that is forced upon ‘us is, that the Indo-European nations are the 
descendants of one original people, and, consequently, that the varieties of 
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complexion, form, stature, and other physical qualities which exist among 
them are the results of deviation from an original type. 

2. I have termed the second great family of European and Asiatic nations 
Ugro-Tartarian, for reasons which are explained in a note*. The races of 
people to be comprised under this epithet were in early times spread over the 
most remote regions of the great continent, where they are known m many 
parts to have preceded the Indo-European nations, so that they appear, in 
comparison with the latter, in the light of aborigines, or native inhabitants, 
vanquished and often driven into mountainous and inaccessible tracts by 
nore powerful invading tribes. They inhabit chiefly extreme parts to the 
westward, northward, and eastward of the Indo-European nations. The 
ethnology of these races is involved in great obscurity ; the sources of in- 
formation respecting it are difficult of access, and have been imperfectly 
explored. An attentive research has, however, detected traces of connexion 
between tribes included in this department who must have been from imme- 
morial times separated from each other by great distances of space, and 
these traces are in some instances so definite as to leave no doubt that they 
owe their existence to original affinity. Phenomena which render this con- 
clusion more or less probable have been recognised among most of the 
tribes, who are scattered, beyond the Indo-European population, from the 
north and perhaps from the west of Europe to the north-eastern parts of 
Siberia. The languages of many of these nations have been as yet very 
imperfectly studied, and some are only known by the comparison of voca- 
bularies; but in other instances their grammatical structure has been fully 
elucidated. Rudiger, Dobrowsky and Rask, were the writers who com- 
menced this undertaking with an ethnological view. They have been pre- 
mature in some of their generalizations, but many of their conjectures have 
been confirmed. 

The following are some of the characteristics of these languages, as far as 
their grammatical structure is concerned :— 


* The name which I have adopted as a general epithet for this family of nations, Ugro- 
Tartarian, is compounded from the proper designations of the two principal branches of the 
stem, viz. the Ugrian and the Tartarian. It is formed on the same principle as Syro-Arabian, 
the term which I have given to the improperly-named Semitic nations—improperly, because 
a great portion of them were descendants of Ham. The name of Ugrian is ene of the most 
ancient names of the race, to which belong the Finns, Lapps, Hungarians and many Siberian 
nations, and it has been sanctioned as a general appellation of the stock by F. H. Miiller, one of 
the most learned writers on their history. (See Miiller’s ‘ grische Volkstamm.’) The name 
of Tartar, as applied to the nations of High Asia, after having been repudiated by many writers 
of the last age, has been fully authorized by the example of the two greatest philologists who 
have treated on these languages, I mean M. Abel Remusat and Professor Schott. 

M. Kellgren, in his late excellent essay on the languages which I have designated Ugro- 
Tartarian, names them the Ural-Altaish family. He apparently considers the Uralian chain 
as the birthplace of one division and the Altai of the other. In this he follows Klaproth, 
though with a more correct knowledge of the relations of these races to each other. I have 
not adopted his terminology, because I cannot conceive what is meant by representing high 
mountain chains as the cradles or birthplaces of nations. Klaproth connected this idea with 
a fanciful notion that various nations had escaped the Noachic deluge on the heights of 
mountains. Most persons will admit that nations must have been formed, (in the only sense 
in which nations ever were formed, viz. by the egation of individuals or the multiplica- 
tion of families,) rather in fertile valleys or on plains abounding with the means of human 
subsistence, than on inaccessible mountain-tops. The Ugrian and Tartarian families of 
languages are besides so akin to each other (as nobody has shown 20 fully as M. Kellgren). 
that the races by which they were originally developed must be supposed to have lived in 
the first ages in proximity with each other, or rather to have been at first one stock of people. 
It is difficult to conceive one branch originating from Altai and the other from the Ural. 

On the whole I prefer the term Ugro-Tartarian, corresponding with Indo-Europesn, and 
Syro-Arabian, Indo-Chinese, aud other analogous names. 
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1. Nouns are nearly or wholly incapable of inflexion. They admit no 
variations of case, number, or sex, which can only be expressed by append- 
ing an additional word, as a noun of multitude or of gender. 

2. All auxiliaries to composition, such as are prepositions and other par- 
ticles, and the possessive and even relative pronouns of other languages, are 
in these idioms uniformly suffixed or placed after the words of which they 
modify the meaning. 

$. In many of these languages the principle of vocalic harmony prevails 
through the entire vocabulary, and extends to the grammatical system, such 
as itis. This euphonic principle was first pointed out by Viguier in his 
Turkish Grammar, and was termed by him the quadruple harmony of vowels. 
According to it, only vowels of certain sets can occur in the same words, and 
this extends to words compounded with particles or appended syllables. 

I shali now briefly enumerate the several groupes of nations and languages 
which have been referred to this great family, premising that I do not con- 
sider the relationship of some of them as fully established. 

]. First, then, we have the Ugrian tribes, whose name occurs in the chro- 
nicles of the venerable Nestor of Kiev, and has been adopted by learned 
writers of Iate times, who have investigated the history of these nations. In 
the sagas of the Northmen, who were their enemies and conquerors, they are 
termed Iotuns and Jétnar, and by the Russians Tschudi and Tschudaki. 
The original country of this race reached through Northern Europe, from 
the Danish Islands to the North Cape of Asia. Almost everywhere they 
have been vanquished, and either enslaved or driven northwards into moun- 
tainous tracts by German, or Slavonian, or Tartar nations, who have ap- 
proached them from the south. In one only instance has it fallen to the lot of 
a people of this race to found an independent state,—I allude to the kingdom 
of the Magyars in Hungary. In the east of Europe separate Ugrian tribes 
possessed all the countries to the northward of the Great Uwalli or Valdai 
Mountains, the chain which separates the waters flowing towards the Baltic 
and Frozen Ocean from the rivers which by a longer course find their way 
into the Euxine and the Caspian. In that region are still Queens and 
Ehstians—the Finns and Lapps further to the westward—and Permians, and 
Syrjanians, Morduans, and Tscheremisses, and Tschuvasches. The Vogouls 
on the Uralian Mountains, and the Ostiaks of the river Oby, are more remote 
branches of this stock. 

2. A second groupe of nations belonging to the same great family includes | 
the various hordes who have been known under the names of Tartars, Turks, 
Mongoles, Mandshurians, and Tungusians. ll these nations appear, from 
the result of late researches, to be allied in descent, though long supposed 
to be quite separate. In the vast wilderness extending from the chain of 
Altai to that of the Himalaya are the pasture-lands, where during imme- 
morial ages the nomadic tribes of High Asia fed their flocks and multi- 
plied those hordes which from time to time descended in immense swarms 
on the fertile regions of Asia and of Europe. Perhaps the earliest of these 
invasions of the civilized world was that of the Hiong-nG, expelled from the 
borders of China by the powerful dynasty of the Han. These were the 
people who, after their inroad on the Gothic empire of Hermanrich, made 
their way, under Etzel or Attila, into the heart of France. Hordes from 
these same regions under Togrul-Beg, and Seljak, and Mahmdd of Ghizni, 
and Tschinggis, and TimGr, and Othman, overwhelmed the caliphat and the 
empires of China, of Byzantium, and of Hindustan, and lineal descendants 
of the shepherds of High Asia still sit on the throne of Cyrus, and on that 
of the Great Constantine. 
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The exploration of the affinity between the languages of these nations and 
the proof of their connection with the idioms of the Ugrian tribes before 
mentioned, has been the work of several successive writers, who have advanced 
by degrees in the different parts of this research. Among them the names 
of Gyarmathi, Vater, Abel Remusat, Ritter von Xylander, Professor Schott, 
and, lastly, M. Kellgren are the most distinguished. 

The remaining groupes, referred to the same family, are connected with it 
as yet by much feebler indications, and their affinities to it are rather matter 
of conjecture than of certain proof. There are, however, in most instances 
some arguments founded on the structure of languages which favour this 
opinion. 

8. The Euskarian or the Old Iberian language, spread in ancient times 
through a great part of Spain and the south of Gaul, and, perhaps, also 
through Italy, has been thought to belong to this family ; this was the opinion 
of Professor Rask. It has never been established by any extensive compan- 
son. A work, however, has lately been written by Professor Keyser of 
Christiania, in which the author endeavours to prove the wide extension of 
the Iberian people through western Europe in remote times, and connects 
them with the Lapponic aborigines of Scandinavia. 

I must here observe that many modern writers seem disposed to believe 
that the Celtic nations, at least the original people of the British Isles whose 
descendants are the Welsh and Irish, were in part of Finnish or Lappish de 
scent, and sprang from a mixture of this race with a tribe of Indo-European 
origin. There are phenomena both in languages and of other kinds which 
tend to favour this conjecture; and it has a distinguished advocate in Dr. 
Meyer, whose very successful studies of the Celtic languages will enable bin 
to throw new light on the literature of these nations. 

4,and 5. The languages of the Samoiedes, on the shores of the Frozen 
Ocean, have been traced in the neighbourhood of the Altaic Mountains. 
These, as well as several of the idioms of the Caucasian tribes, have been 
supposed to belong to the same family of languages. The proof as yet 
afforded in regard to the Caucasian idioms amounts only to some resen- 
blances in vocabularies. 

0 6. Insular nations to the eastward of Asia and near the coast of the Pacific 
cean. 

It seems like a wild conjecture to join these nations to the races above 
described. Some facts, however, may be collected, which, in a certain 
degree, afford evidence of connexion between them. 

The idiom of the Islands comprised in the empire of Nippon, as well as that 
of the independent LiGkiGa Archipelago, bears some signs of affinity to those 
of the Ugro-Tartarian nations. I am assured by Mr. Norris, who has studied 
the Japanese, and whose very extensive knowledge of languages renders him 
a great authority in such questions, that the principle of vocalic harmony 
and other phenomena of the Tartar languages prevail in the idiom of the 
Japanese and LiGkiG islands. 

We have obtained, through the publication of Admiral Lutké’s Voyage, 
some knowledge of the language spoken in the Kurilian Islands, and parti- 
cularly in the island of Unalashka. By a grammatical analysis of this lan- 
guage, composed by a missionary of the Russian church, we find that the 
peculiar laws of construction, first pointed out by Dobrowsky as character 
istic of the Ugrian and Tartar languages, prevails in the Kurilian speech. 

7. The aboriginal inhabitants of India, who were expelled from Hinddstan 
by the Brahmans and the Arian people who accompanied them across the 
Indus, retired, as it is supposed on apparently sufficient proof, into the Dekhaa. 


ON ETHNOLOGY. 247 


They still occupy the greater part of that peninsula, and a portion, at least, of 
the island of Ceylon. Their idioms—the Tamul or Malabar, the Teliigi or 
Telinga, and the Karnataka or Canara of the Mysore,—are sister dialects of 
one speech. It is likely that the languages of the mountain tribes of India, 
the Bhils, the Gonds, the Tudas and others, belong to the same stock. 

Professor Rask conjectured that these nations are also of the Tartar stock. 
Their language has some of the peculiarities of structure which have been 
pointed out. 

8. Another suggestion, with which I shall close what I have to say on the 
languages of this great family, will appear to be still more conjectural. 

There are certainly some curious analogies between the Tamulian and 
other dialects of the Dekhan and the languages of Australia, with which we 
have obtained some acquaintance through the labours of Mr. Threlkeld and 
several other missionaries, and from the able researches of Captain Gray. 
Similar laws of structure have been found in both these groupes of languages ; 
and some of their personal pronouns, words which appear to have remained 
often lese changed than almost any other vocables, have some very stnking 
resemblances *. 

In passing from this part of my subject, I must not omit to remark that I 
am far from regarding the supposition, that all the nations and languages 
now enumerated really belong to one stock, as established on satisfactory 
grounds. I have briefly touched upon the principal parts of this hypothesis, 
and on some of the prominent arguments which occur in its support; my 
object being to point out the most advanced steps which have been made, 
even though sometimes on grounds not perfectly secure, in the progress of eth- 
nology. It must be observed that many of the nations thus brought within 
one department differ widely from each other in physical characters. | 

8. The third family of languages belonging to the Great Continent are the 
Chinese and Indo-Chinese idioms. They are associated by the resemblance 
of their structure, consisting of monosyllabic words, and not by any con- 
siderable number of common vocables. Other languages have monosyllabic 
roots, ag the Sanskrit, but the words of the Sanskrit become polysyllabic in 
construction ; not so the Chinese, which are incapable of inflection, and do not 
admit the use of particles as a supplement to this defect, the position of 
words and sentences being the principal means of determining their relation 
to each other and the meaning intended to be conveyed. Baron William 
von Humboldt has observed, that conversation in these languages therefore 
requires a greater intellectual effort than is necessary to comprehend the 
meaning of sentences spoken in the inflected languages. 

All the nations who speak these languages bear a considerable resemblance 
to each other in their mental character and disposition, and still more ob- 
viously in their physical characters, in which, however, some varieties are 
observable. 

Strongly marked as the peculiarity of the monosyllabic languages undoubt- 
edly is, they are not as a class so completely insulated as many persons ima- 
gine. The Bhotiya or Tibetan language belongs to this family, but it is in 
eome respects intermediate between the monosyllabic languages in general 
and the Mongolian, which is one of the Tartarian groupe. This is to be 
collected from the researches of Abel Remusat and from the writings of the 
celebrated Tibetan scholar, Alexander Csoma Kordsi. 

4. The Syro-Arabian languages appear to have been spoken from the very 
earliest times by the various nations who inhabited that part of Asia lying to the 

westward of the Tigris. ‘They seem also to have had a more ancient footing 


* This fact was pointed out to me by Mr. Norris. 
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in Africa, and to have been much more extensively spread in that quarter of 
the world than they were formerly supposed to have been. The Syro-Are 
bian idioms of Asia have been divided by Gesenius and other learned writers 
into three groupes,—1, the Northern, Aramzan or Chaldean ; 2, the dialects 
of Palestine, the Hebrew, Samaritan and Phcenician, including the language 
of the Sacred Scriptures and that of the Pheenician inscriptions and the 
Punic or Carthaginian* ; 8, the Arabic of the Koran and of the Kufic inscrip- 
tions, and likewise the modern dialects of the Hedjaz and Yemen, the Mog- 
grebyn or Western idiom of the Arabs in Africa being a peculiar dialect of 
this language. 4. Late writers have supposed that they have discovered a 
fourth branch ; this is the Ekhkili of M. Fresnel, preserved, as he says, by that 
noble race who inhabit the mountains of Hhazik, Mirb&t and Zhafar, near the 
southern coast of Arabia. This is supposed to be the idiom of the Himyaritie 
inscriptions. 5. Akin to this last is the Ghyz or Old Ethiopic, as well as the 
modern Tiigrayan and Amharic. The Abyssinian languages may be reckoned 
a fifth division of the Syro-Arabian groupe. 6. A sixth, the various dialects of 
the Old Libyan language, viz. the Berber, Shillah, Showiah and Tuaryk, and 
one of the idioms of the Canary Islands. Professor Newman has investi- 
gated the history of these languages, and has shown by proofs, derived from 
the intimate structure of words and the analogy of their grammatical forms, 
that they belong to the Syro-Arabian family, and are nearly allied to the 
oldest members of that stock. 7. The same writer has shown that the 
. Haiissa language, which is one of the idioms of the black nations of Sudan, 
has likewise a grammatical affinity to the Syro-Arabian dialects. 8. The 
Galla languages (which, since the publication of several works by the missiov- 
aries, the learned Mr. Krapf and others, and M. Tutschek’s valuable gram- 
mar and dictionary, are beginning to be known) display some grammatical 
analogies to the same stock. The extent of this relation has not yet been 
explored. 

More important in an historical point of view than any of these doubtful 
matters is the question, what relations exist between the ancient 
language and the Syro-Arabian. This difficult problem I shall leave to be 
illustrated by a distinguished scholar, whose great learning and powerful 
intellect render him the best fitted for the taskt. 

The four great families of languages, of which I have now enumerated the 
principal ramifications, divide, as I have before said, between them nearly 
the whole extent of the Great Continent, with the exception of those parts of 
Africa which lie between the Tropic and the Equator and to the southward 
of that line. The vast and unexplored region of Central Africa or Negro- 
land stretches, like a broad belt, from east to west across the whole continent 
in the region of its greatest breadth. This region is supposed to be occupied 
by immense chains of mountains, among which the Jebel Kumra or Moun- 
tains of the Moon have been famous in all times. To the westward of these, 
the mountains which support the table-land of Senegambia and the chain of 
the Kong mountains, running parallel to the coast of Guinea, are great eth- 
nological lines of demarcation. But the greatest boundary between the nations 
of Africa is produced by a line running across the whole continent from the 
mouth of the river Juba to the inmost corner of the Bight of Benin. This 
cuts off the comparatively narrow portion of Africa from the broader region. 
The great families of nations who inhabit Africa are separated by this line: 
those to the northward are distinct from the southern races. Between these 


H * Gesenius has proved that the Punic scene of Plautus was, as originally written, pure 
ebrew. 
ft The Chevalier Bunsen. 


ON ETHNOLOGY. 249 


two regions are divided all the nations and languages the history of which 
constitutes what may be termed properly African ethnology. I shall pass 
briefly over this subject, since I understand that an elaborate memoir on the 
languages of Africa has been prepared by Dr. Latham. 

It appears probable from the present state of our knowledge that only two 
races of people and two languages exist in the vast regions of Southern 
Africa. These are the Hottentot tribes in the most southern parts and the 
great nation allied to the Kafirs of the eastern coast, who occupy, as it appears, 
the whole space from the coast of the Atlantic to that of the Indian Ocean. 
The Hottentots were in former times more extensively spread: the Kafirs 
have encroached upon them. The Hottentots and the Bushmen, who call 
themselves Queequee and Saabs, are ore race. It has been supposed that 
they came originally from Western Africa, where there is still a tribe named 
“Quaqua.” And the description of the Kumri, the aboriginal people of the 
country on the Joliba, who have long ago been driven into mountainous 
parts by the more civilized people of the plains, is calculated to remind us of 
the Hottentots ; but this is merely a conjecture that may afford a suggestion 
for inquiry ; for the other great South African race we very much want a 
name. The Kafirs are but a small section of them, and the other tribes differ 
s0 much from the typical character of the Kafirs, that it seems incongruous 
to give them the same appellation. Many of them are Negro races, very 
strongly marked as such. I shall term them provisionally, and until a proper 
national designation can be discovered, “the Hypotropical race of South 
Africa.” Their country lies under the tropic of Capricorn, and reaches per- 
haps to an equal extent on both sides of that line. To this family belong,— 
1. The Kafirs near the Cape, or the Amakosah, the Amazulah, Bechuanas, 
and ail the warlike nomadic tribes who have lately made inroads on the co- 
lonized country in the south-east. 2. All the tribes termed Mozambique 
Negroes. 3. The Suaheli, a people of the sea-coast as far northward as 
Mombas and Ajan, who are perfectly black and woolly-haired, but not so 
decidedly of the Negro type. 4. All the nations of Kongo, Angola, and 
Loango, long ago described by Portuguese writers. 

The identity of these nations, or the fact that they belong to one family, has 
now been fully established. We have sufficient information respecting their 
languages to be enabled to affirm that they are all dialects of one speech in 
a strict sense of the term, and this fact seems to admit of no other explana- 
tion than that which I have assigned*. 

I shall not attempt to go through the enumeration of languages in the great 
region of Central Negroland. |The country is unexplored, and the number of 
races and of separate idioms cannot yet be ascertained, and I doubt not that 
Dr. Latham has collected all that can be found in elucidation of this subject. 
7 shall offer a few remarks, which will be rather ethnographical than philo- 

ogical. 

The great mountaineer races of Mandingos and Fulahs inhabiting the 


* The latest contribution to our knowledge of these languages is the publication of the 
Rey. Mr. Krapf's translations into the idiom of the Suaheli, with remarks by Von Ewald in 
the ‘Zeitschrift der Deutschen morgenlandischen Gesellschaft.’ We had before that time 
grammars of the language of the Amakosah Kafirs, and of the Sichuana, the idiom of the 
Bechuana nation, composed by Wesleyan missionaries. I have long ago (Researches into 
the Physical History of Mankind, vol. ii.) compared some of the forms of the Kafir gram- 
maar with those of the language of Kongo. Of these last we have the structure displayed 
in the old grammar of Brusciotti a Vetralla, and more fully in the grammar of Father Can- 
necattim. The analogy between the grammatical system of the Kosah language and that of 
soy tomas of Kongo is, if I am not mistaken, much nearer than the relation between the Latin 
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table-land of Senegambia and its declivities, have spread their colonies far 
and near; the former through all the maritime region adjacent to the great 
rivers, the latter far into the interior of Africa, where they have founded the 
Felatah States. These nations are almost as superior to the other tribes of 
Intertropical Africa, as were the Aztecas and the Peruvians to the varices 
races of the New World. From the information received from various tra- 
vellers, I am strongly inclined to believe that these two nations are much 
more nearly allied than they are generally supposed to be. That they are 
genuine African nations I have no doubt ; they form an intermediate class of 
people between the degraded races of Guinea and tribes of an Asiatic type, 
and the varieties of their physical character fill up all the gradations from one 
form and character to the other. The comparison of these languages is 8 
subject of great interest, and it is much to be regretted that we yet want ms- 
terials that may enable us to become acquainted with the Fulah language. 
The people, who are Moslims, are more difficult of access than the Pagas 
tribes. 


The languages of the great inland region of SGdan were divided by Leo 
Africanus into two or three great families. Later information has confi 
the veracity of that early traveller, whose statements would lead us tosuppore 
that the races of people speaking languages entirely different from each other 
are much less numerous in the interior of Africa than has been commonly 
supposed. 

It now remains for me to take a rapid survey of the progress of ethnology, 
as founded on an examination of languages, in Oceanica and America. 

The publication of the great work of Baron William von Humboldt on the 
Kavi speech, forms an era in the history of the languages of the Oceani 
nations. Besides much other valuable information, it has afforded the im- 
portant result that the resemblances known to exist between the nations of 
the islands in the Pacific Ocean termed Polynesian, and the tribes of the ln 
dian Archipelago, Malacca and Madagascar, are not, as some persons hare 
thought, the effect of casual intercourse, but are essential affinities, deeply 
rooted in the construction of these languages. For the proofs of this aseet- 
tion, and of the ultimate fact in ethnology which rests upon it, viz. that the 
races of people are themselves of one origin, I must refer to M. de Humboldt 
work. The Papua languages, or those spoken by the black and woalls- 
haired nations, are for the most part as yet unexplored. One observation to 
be made respecting them is, that the dialects of Papuan races often 
more or less of the Polynesian. Whether this arises from the adoption by the 
Papuas of the Polynesian vocabulary has not been determined, though most 
persons incline to this last opinion. It is however now well known tht 
some black nations have Polynesian dialects. The idiom of the Fifa 
islanders, for example, is properly a dialect of the Polynesian language. 

The languages of America present a wide field of philological inquiry. 
which has been explored of late years with great success by several excellest 
writers of the United States, and the names of Du Ponceau, Pickering, and 
Gallatin, will ever be reckoned among those of the greatest contributors tv 
ethnological science. It must be observed however that Baron Alexander 
von Humboldt and Professor Vater of Konigsberg first led the way. Th 
posthumous work of William von Humboldt on the languages of America 
which M. Buschmann has been many years preparing for publication, hs 
not yet made its appearance. We have reason to expect from it a great ai- 
dition to our present stock of information, since it is understood the learned 
author had bestowed on it much labour, and had within his reach great 
sources, collected partly for him by M. Buschmann in the New World. 
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Two great facts may be considered as ascertained in the history of the 
American idioms; the first is that they all belong to one system of lan- 
guages with reference to organic construction. This analogy is by no means 
accounted for by the explanation proposed, that it is merely a result of a 
particular stage of mental culture prevalent among all the nations of America. 
Many nations in the Old World have passed through the same stage of 
social developement, indeed through all its stages; but there are no languages in 
the Old Continent, as far as we know, which have the same laws of construc- 
tion as the American languages. Nor is it true as matter of fact that the 
nations of America were in the same stage of mental culture: there was a 
great difference between the Mexicans, for example, and the Esquimaux ; 
yet the idioms of both these races belong to what has been termed the Poly- 
synthetic class of languages. The analogy indeed between these numerous 
languages is too particular, and depending on what may be termed arbitrary 
arrangements, to be explained by referring it to any circumstances in the 
moral condition of the people. It must be the effect of communication, or 
rather of origination from a common source; and perhaps we may hence be 
justified in concluding that all the tribes of America, from the Arctic Sea to 
the Magellanic Islands, are the offspring of one stock, or the subdivisions of 
one original nation. 

A second general fact is, that in America, as elsewhere, we find a few great 
families of languages spread over immense spaces. There is indeed besides 
these a great number of tribes apparently insulated, whose languages cannot 
be referred to any of the principal tongues; but this is probably owing to 
the deficiency of our information respecting them, and, as they become 
better known, the number of distinct groupes is continually diminished. 

I must not terminate this paper without taking a rapid survey of the prin- 
cipal families of languages in America. 

If we begin from the north, we find in the first place the various tribes of 
Esquimaux, who inhabit a narrow strip of land running across the whole con- 
tinent to the northward of all the other inhabited countries. The Exquimaux 
are essentially a people of the sea-coast, from which they never are found at 
any great distance. 

To the southward of the Esquimaux, the whole breadth of the American 
continent to a considerable distance towards the south, is occupied by two 
great families. On the western side the Athapascas, of whom the Chepewy- 
ans of Mackenzie are a particular tribe, extend southward to the river Mis- 
sinippi, which falls into Hudson’s Bay. On the eastern side are the great 
Algonquin family, reaching southward through a great part of the old terri- 
tory of the United States, and inclosing within their own dominion the coun- 
try of the Iroquois or Six Nations, who are different in language, but closely 
associated in their history with their perpetual enemies the Algonquin or 
Lenapian race. I shall not attempt to enumerate the nations which belong 
to this great stock, inhabiting the greater part of Canada and the country of 
the United States nearly as far southward as the Alleghany Mountains. 

To the southward of these nations, and over the Floridas to the Gulf of 
Mexico, the Cherokees, the Chikkasahs, Choktahs, and other nations con- 
nected with them, form a particular groupe. 

Between the Mississippi aud the chain of the Rocky Mountains, ten or 
twelve apparently distinct races and languages have been traced by M. Gal- 
latin. Two of these nations, the Sioux and the Black-foot Indians of the 

Rocky Mountains, are among the most numerous races of North America. 
Of the former there are many distinct tribes. 

To the westward of the chain of Rocky Mountains, and in the countries 
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bordering on the coast of the Pacific, there are many nations speaking lan- 
guages which in the present state of our knowledge must be considered as 
distinct from each other. There are some families of nations or stems 
branching out into many ramifications, with whom we have obtained ac- 
quaintance through the medium of the Russian colony, and partly by the 
information collected by Professor Scouler at Nootka Sound and on the Co 
lumbia River. Some of the languages spoken by these nations display ans 
logies both to the idiom of the Esquimaux and to that of the Aztecs in Mexico. 
The resemblance is scarcely such as to justify our joining them to either of 
these stems, though it is greater than we can satisfactorily explain by reference 
to accidental intercourse. 

The number of distinct languages spoken in Mexico and Central America 
seems to be very considerable; but two of them are much more important 
than the rest,—I allude to the Mayan, which seems to have been the abori- 
ginal idiom, and to the Aztec, which was of later introduction. The Aztec, 
as it is universally known, was the idiom of that race which first entered 
Anahuac under the name of Toltecas about 1200 years ago. The history of 
the Toltecs and their conquests is the beginning of the archeology of Ame 
rica, and it has been in some measure confirmed by the discovery of the 
fact, that the aboriginal Mayan idiom is spoken still in different distries 
both to the northward of Mexico and far to the southward, as in Guatemals 
and Yucatan. The Mayan race is partially civilized, and perhaps not ir 
ferior to the Aztecan. It is supposed that they were the builders of those 
splendid temples and great cities which have astonished travellers of recent 
times. 

The languages of South America are very multitudinous, and they are not 
yet sufficiently known to furnish the groundwork of an extensive classification 
of all the idioms and nations of the continent. The following attempt ata 
distribution of the principal races is founded partly on physical and geogra- 
phical relations. 

I. The Andian or Alpine nations of South America. This class cou- 
prehends all the races inhabiting the Cordillera and its declivities on either 
side from the equator to Cape Horn. They have been subdivided as fol- 
lows :—The first subdivision are the Peruvians, including besides that more 
celebrated race to which the Quichua language and the royal caste of Incas 
belonged, several distinct nations, as the Aymaras, who were formerir very 
powerful. A second branch are the Antisian nations, or the white races of 
the Eastern Andes. After these are the nations of the Chilian Cordillera, who | 
form a great family, including the warlike Araucanos, and allied, as it ap- 
pears from the notices we collect of their languages, to the native tribes of 
Tierra del Fuego. It seems to have been the opinion of Molina, who was | 
well-acquainted with the races of people in these countries, that the Puelche, | 
or the people of the eastern coast, including the Patagonians, belong to the 
same stock, and that the southern plains, or Pampas, and the whole regioa 
beyond the Rio de la Plata, was peopled by tribes who descended from the 
Chilian Andes. 

II. A second class of South American races are the Eastern nations, inclu 
ding the people of the Banda Oriental, and of the Brazilian empire and the Tern 
Firma, or the country to the southward of the Gulf of Mexico. These nations 
may be divided into several great families, the different tribes of which are 
extensively spread and are associated by their languages. ‘The race of the | 
Tupi, who are the chief inhabitants of Brazil, is allied to the Guarani, spread 
extensively'in Paraguay and to the Omagua and many kindred nations 02 
the higher parts of the river of Amazons. On the northern coast, the great 
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Caribbean family, inclading the Chaymas, Tamanacs, &c., is almost equally 
extensive. But besides these great families, there are spread over the whole 
country « number that cannot be estimated of petty tribes, who are generally 
supposed to have distinot languages. 

Il. The Midland nations are also very numerous, and only a few of their 
languages are known to be common to several tribes. They are distinguished 
by their physical characters from the races comprised in the other divisions, 
as are the latter from each other. The herculean tribes of the great plain of 
Chaco, and the equestrian Abipones, are of much greater stature than the 
diminutive Guarani, and they have not the retreating forehead and the ob- 
liquely-placed eyes which give to the Eastern tribes a certain resemblance to 
the Kalmuks and the Chinese. The complexion of many of the Midland 
races is a dark bronze colour, while that of the Guarani and the Caribbees 
and other eastern tribes is a light copper colour, approaching in some in- 
stances to white. 

Of the languages of the Midland tribes we have little information. Those 
of the Eastern nations of South America have been carefully enumerated 
and exemplified by vocabularies by Gilii and Hervas. 

On the whole, it must be confessed that we have much less information 
respecting the ethnology of South America, through the medium of re- 
searches into its languages, than of that of almost any other part of the 
world. I have grouped these races according to their geographical rela- 
tions and physical resemblances, nearly according to the classification of 
M. d’Orbigny. 

The outline which I have sketched is merely designed to furnish an idea 
of the resources which the history of languages is capable of contributing for 
the promotion of ethnological inquiries. 7 

I should be led far beyond the limits which I have prescribed to this 
paper if I were to attempt to deduce any general results from the different 
lines of inquiry which it has been my principal object to point out as fur- 
nishing resources for ethnology. But I may venture to remark, that with 
the increase of knowledge in every direction, we find continually less and 
less reason for believing that, the diversified races of men are separated from 
each other by insurmountable barriers*. 


* It is with much gratification that I find this to be the ultimate conviction of the great 
author of Kosmos. 
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On the results of the recent Egyptian researches in reference to Asai 
and African Ethnology, and the Classification of Languages. 
Discourse read before the Ethnological Section of the British 
ciation for the Advancement of Science, at Oxford, on the 28th 
June, 1847, by C. C. J. Bunsen, D.C.L., Ph.D. 


I nave begun to lay before the public in the first two volumes of 
‘Egypt’ the facts which the discovery of hieroglyphics has enabled us 
establish as to the language, writing and mythology of the primitive Egyp 
tians. I have attempted to explain them as the three documents or form 
tions of those periods which precede the historical age, or the beginning of 
the chronological history of Egypt under Menes. 

In the first volume 1 have endeavoured in particular to show, how it # 
possible and necessary to treat the forms and roots of a language as an hix 
torical monument, exhibiting a series of mental developments, which, 
though it cannot be measured accurately as to time, constitutes a certa: 
succession of facts, and thus marks the epochs of the primeval life of 
people. In carrying out this plan, I have attempted to represent, in a wa 
intelligible to every general scholar, all the facts of Egyptian grammar, v% 
all the forms, formative words and inflexions of the language in their 
order and connexion ; and secondly, to collect the Egyptian roots which ca 
be proved to have formed the heir-loom of that nation, as they occurs 
monuments not more recent than the time of Moses, and in great part ante 
rior to him by a thousand years and more. It is impossible to look on thoe 
forms and on these roots with even a superficial knowledge of the Semite 
and Indo-Germanic languages, and not to perceive that the Egyptian lar 
guage is no more a Hebrew than a Sanscrit dialect, but that it possesses a2 
affinity with each of them, such as compels us to ask the question, whether 
it is a more ancient formation than either or no? 

This question becomes the more interesting and important, when it mos 
be considered as demonstrated, that such an uffinity cannot be explained by 
mere internal analogy ; that, on the contrary, it is historical in the strictet 
sense of the word, viz. physical or original. I mean that the affinity alluded 
to cannot rationally be explained by a real or supposed general analogy of ls0- 
guages, as the expressions of human thought and feeling, nor by the later it- 
fluence of other nations and tongues. Now the Egyptian name of Egrpt® 
Chémi, the land of Cham, which in Egyptian means black. Can we then hare 
really found in Egypt the scientific and historical meaning of Cham as ov 
of the tripartite divisions of post-diluvian humanity? The Egyptian lat- 
guage attests an unity of blood with the great Aramaic tribes of Asia, whoe 
languages have been comprised by scholars under the general expression of 
Semitic, or the languages of the family of Shem. It is equally connected by 
identity of origin with those still more numerous and illustrious tribes which 
occupy now the greatest part of Europe, and may perhaps, alone or with othet 
families, have a right to be called the family of Japhet. I mean that great 
family to which the Germanic nations belong, as well as the Greeks and Ro- 
mans, the Indians and Persians, the Slavonic and the Celtic tribes, and whieh 
are now generally called by some the Indo-Germanic, by others the Indo 
European nations. The most ancient traditions of Europe certainly spea 
of Japhet; for Japetos is, according to the Greeks, the father of that gret! 
Titan or benevolent man-god who brought the celestial fire to his suffers? 
brethren on earth, and was doomed for such daring to linger on the heights 
of Caucasus until another divine hero should set him free, and reconcile bia 
to the younger gods, who govern the world of mankind. 
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I know that in saying thus much I assume a great fact. I take it for 
ranted that the facts to which I allude, bear out the consequence I deduce 
rom them: J mean, the assertion that the affinity of the Egyptian forms and 
bots with those of the Semitic and Indo-Germanic languages is one which 
an no more be explained by the general similarity, existing or supposed to 
rist, between different languages, than that between German and Scandina- 
ian, between Greek and Roman, between Gothie and Sanscrit, which is dis- 
uted or doubted by nobody who has a right to speak on these subjects. I 
lory in belonging to a school which rejects altogether those etymological 
reams and conjectures, those loose comparisons of single words without 
rinciple or analogy, and generally without any sufficient or critical know- 
‘dge of the idioms, in short, that unscientific comparison of languages, or 
ither of words caught at random, which made the etymologies of the seven- 
nth century the laughing-stock of the eighteenth. By its very principle 
ie critical school admits of no claim to historical affinity between different 
inguages, unless this affinity be shown to rest upon definite laws, upon sub- 
antial analogy, established by a complete examination of the materials. 
hat school demands the strictest proof that those affinities are neither acci- 
ental nor merely ideal, but essential; that they are not the work of extra- 
tous intrusion, but indigenous, as running through the whole original tex- 
ire of the languages compared, according to a traceable general rule of ana- 
gy- The very method of this critical school excludes the possibility of 
xcidental or mere ideal analogies being taken for proofs of a common 
istorical descent of different tribes and nations. It is on account of this 
ethod, employed by Grimm, Bopp, Humboldt and other acknowledged 
asters of that school, that I claim in this scientific assembly a place, and a 
istinguished one, for linguistic ethnology as constituting a principal branch 
general science. Science implies method and a consciousness of the prin- 
ples of investigation. Now I believe I may boldly say, the fact to which I 
lude, viz. that the Egyptian language betrays a strictly historical connexion 
ith Asia, or, to speak more precisely, with the Semitic and Iranian tribes, 

among those who have studied them according to the principles of the 
‘tical school of comparative philology, no longer an object of controversy, 
though the origin and primeval source of that connexion may be explained 
timately in very different ways, according to the different systems of the 
tilosophy of the history of mankind. I hope I have contributed something 
wards making it easy for a general scholar to judge of those primeval facts 
' Egyptian history, and to contemplate them as monuments of the primitive 
t and science of mankind. Nor shall I in the continuation of my work 
tink from following out boldly its ultimate consequences. As soon as I 
all have established the reality of ancient Egyptian history and chronology, 
id reconstructed by its help the primeval annals of the historical age, I in- 
nd to treat the great fact alluded to, as a part of the Origines of mankind. 
deed it is for this object that I undertook the work. In the mean time, 
tving been called upon to lay before the British Association for the Advance- 
ent of Science a succinct statement of the general results of my Egyptian 
searches as to the origin and history of language, with a particular refer- 
ice to Asiatic and African ethnology, I shall endeavour to indicate the ele- 
entary parts of my system, and submit to your candid and scientific exami- 
ition some of the results which I believe we are enabled to deduce already 
om the facts of Egyptology. ; 

There offer at the very outset two entirely divergent systems for explain- 
ig the general fact alluded to. Either the Egyptian language is @ primi- 
ve one, from which those Asiatic and European languages derive their 
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origin ; or we must look in Asia for the origin of the people and language of 

Egypt. But ia that case we must ask again, to what branch of those Asistic 
languages does Egypt point? To the essentially fixed Semitic, or to the 
Japhetic ? Was it the Hebrew or the Sanscrit from which the Egyptian lap 
guage can be said to be derived, or was it their common germ? and in that 
case, how can such a state of language be scientifically characterized and 

explained? Egypt forms as it were the bridge between Africa and Asia 

There must be a certain relation, collateral or parental, between the Egyptiss 

language and some at least of the languages of Africa, analogous to that 
physiological affinity which evidently places the skull and the whole physical 

formation of the Egyptian man between the Caucasian and the thoroughly 

African race. Therefore our immediate problem will necessarily resolve 
itself, physiologically and historically, into the following great question :— 
Is the Asiatic and European man a more favourably developed and per- 
Sected Egyptian and African ? or is the Egyptian (and perhaps the African 
man in general) a scion of the Asiatic stock, which gradually degenerated into 
the African type ? 

Both assumptions claim, on tbe fields of science, an equal right. I assume 
two principles, as the inviolable conditions of every scientific inquiry. The 
one is,— Science excludes no itions, however strange they may appear. 
which are not in themselves rd, viz. demonstrably contradictory to its 
own principles; and the second, equally sacred,— Science admits of no as- 
sumptions, however natural or imperative they may be deemed, which are ez- 
traneous to tls tmmediate object. The whole question lies in these two axioms 
As to myself, I exclude the hypothesis of a difference in the physical descent 
of the Egyptians and the two great families of Asia and Europe already men- 
tioned, merely because I believe that facts have been discovered and metho- 
dically established which make it impossible to adopt such a theory. If these 
facts are proved not to be conclusive, I shall feel obliged to take that other 
assumption into serious consideration, and deal with it as with any other, viz. 
not according to any preconceived opinion or extraneous assumption, bat ac- 
cording to its own intrinsic merit. It is by this principle that I wish my 
own opinion to be judged ; it is the only one on which I shall defend it. 

My object being to lay before this meeting the elements of the explana- 
tion which I shall give of that fact in the concluding volume of my work on 
Egypt, I shall divide the statement of my own inquiries into two parts. In 
the first place, I shall try to develope the principles and method of an analysis 
of any given language, for the purpose of finding its place in the series of 
formations which constitute the general stock of the languages of mankind 
In the second place, I shall have to give the outlines of an application of 
that method to the ethnological consequences of our Egyptian inquiries, and 
the general classification of the principal languages of the earth. Nobody, 
I believe, will deny the necessity of the first or general inquiry ; least of all 
the members of this learned Association. 

I cannot help feeling that our claim,—the claim, I mean, of the Ethac 
logical Section, to be generally acknowledged, independently of physiolo. 
gical researches concerning the races of mankind, as a legitimate branch of 
a scientific association,—must rest upon the possibility of showing to the 
physiologist, the geologist, and even to the astronomer, that ethnological 
philology is a science. I must insist upon its not being any longer an 
aggregate of isolated facts, much less of uncritical, arbitrary etymological 
conjectures, which any dilettante may be allowed to handle in his own way. 
but that it is a science, possessing a definite method, and proceeding upon 
clear and productive principles. I am far from basing such an aceurmptio 
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pn my own attempts and speculations. I shall, on the contrary, endeavour to 
prove, by way of introduction to the exposition of my particular method, that 
ethnological science has arrived in the course of this century at results, if less 
known in some parts of the world, certainly not less important, than those of 
which any branch of science represented in this illustrious body can boast ; 
and that moreover it has arrived at these results by a legitimate and metho- 
dical process, not by chance or by accidental ingenuity. If man is the apex 
of the creation, it seems right on the one side, that a historical inquiry into 
his origin and development should never be allowed to sever itself from the 
general body of natural science, und in particular from physiology. But on 
the other hand, if man is the apex of the creation, if he is the end to which 
all organic formations tend from the very beginning ; if man is at once the 
mystery and the key of natural science; if that is the only view of natural 
science worthy of our age, then ethnologic philology, once established on 
principles as clear as the physiological are, is the highest branch of that sci- 
ence for the advancement of which this Association is instituted. It is not 
an appendix to physiology or to anything else; but its object is, on the con- 
trary, capable of becoming the end and goal of the labours and transactions 
of a scientific association. 

A rapid sketch of the history of the philosophy of language, and of its 
application to comparative ethnology, showing its scientific method and the 
astonishing results at which it has already arrived, is sufficient to bear out this 
aseertion and to justify this claim. 

With such a rapid sketch I think it right to open the course of the 
inquiry to which I wish to invite you. I believe that no philosophical 
or historical problem ought to be approached by any one who does not know 
what has been done before him for that purpose, and what.are the problems. 
solved, or brought nearer to their solution. And here it seems to me to 
make no difference, whether such researches have been instituted and such 
results obtained in our own country or elsewhere; for science knows no 
difference of nations and countries, and acknowledges no pretence of pa- 
triotism as a cloak for ignorance or partiality. Its glory is in its universality 
and independence ; and its only object ought to be truth. 

The lucid survey of the general ethnological results of comparative phi- 
lology which we have been favoured with this day by Dr. Prichard, will 
justify me in restricting my historical sketch to the two points of immediate 
importance for the object of this lecture. These leading points are the phi- 
losophieal principles of language, and the results obtained by their application 
to the great problem before us, which is no less than the classification of the 
principal families of nations according to their languages, as the safest and 
most ancient evidence of their origin, and as the groundwork for a real history 
of the intellectual development and civilization of mankind. 

I shall conclude therefore this historical sketch of philological researches 
with a short indication of the conclusions which they allow us, in my opinion, 
to draw from the philological results already obtained, for the general history 
of the human mind, and for the connexion and relative place of the leading 
families of mankind in the different epochs of their development. 


Leading points in the History of the Philosophy of Language, and of its 
results for General Ethnology. 
_ Plato in his ‘Cratylus,’ and Aristotle in his ‘Organon,’ have laid the founda- 
Uons of the philosophy of language. The speculations of the first bear, when 
well understood, upon the highest problems of the philosophy of language ; 
We categories and definitions of the second give the logical foundations of 
. 8 
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our grammatical system, and establish by themselves the great principle, that 
language is the immediate produce and expression, as it were the mirror 
of logic and thought. In the speculations of both we see the entire want of 
an abstract knowledge of the etymological sules of their own laoguge, | 
and still more of a system, or even a tenden¢y, to compare the Greek tongue 
with those of the barbarians. Nor did the later philosophers and philolo- 
gers of Greece and Rome follow such a course. The Stoies gave, indeed. 
the first theory of the Greek verb, and Apollonius Dyscolus and other acute 
and learned members of the Alexandrian Academy erected that fabric of 
grammatical definitions and terms, which, brought nearer to us by Varro 
and the later Latin grammarians (of whom Priscian and Donatus are 
known by name to our schoqlboys), has formed down to the present century 
exclusively, and forms to a certain degree even now, the basis of our gram 
matical system. The deficiency of the lexicographic inquiries and speculs 
tions of the ancients is proverbial, and constitutes an important fact in the 
history of the human mind. Their absurd etymologies are the most strikisg 
proof of the impossibility of man to become conscious of his pecoliarites 
except by contrast and comparison with those. of others. They prove more- 
over the incapacity of any nation to understand itself, without having realized 
understood and appreciated the idea of humanity, and the feeling of brother- 
hood towards all mankind. . 

If the Roman world did little for the philosophy of language, althoug) 
great men like Ceesar speculated upon it, the Byzantine age, in this brasch 
also, did nothing but preserve the corpee of ancient science, reduced to for- 
mularies and epitomes, such as ages, sinking into materialism or any otbet 
form of barbarism, generally prefer to scientific and learned investigati 

The Germanic middle ages had not the means, and did not feel th 
vocation of inquiring into realities, although Christianity had given them 
the idea of humanity as distinct from nationality, and although the study 
Latin, and later of Greek, and the acquaintance with the Saracens, le 
them naturally to a greater knowledge of the properties and diversities 
languages. 

The genial and free philology of the fifteenth century, which on the oe 
hand prepared the way for the great Réformation of the sixteenth, gained, 0 
the other, by this most memorable event of modern history, an unrestrai 
liberty of inquiry and the,feeling of the sacredness of national tongos 
It thus opened the way to wider researches, at the same time that 0 
discoveries of the Spaniards and Portuguese laid a new world open before 
the awakening European miod. Antonio Pignafetta, an Italian, collected 
lists of words out of the tongues of the tribes and nations through which 
had travelled. 

But the only effective progress in linguistic philosophy and knowledgt 
which the sixteenth century made, was due to classical philology combined 
with the study of Hebrew. The necessity of explaining the Old Testame% 
from its original language led to the study and comparison of Arabi. 
Syriac, and Aramaic ; and it is only necessary to know the two great la 
naries of France, Joseph Scaliger and Bochart, to form an idea of the ¢- 
tent and importance of the progress made in this field of sciente. 

On this foundation the seventeenth century attempted to build, as far ¥ 
its struggles for religious and civil liberty would allow. But owing to the 
overwhelming power of the political and ecclesiastieal reaction in the great! 
part of that century, all it achieved in this field was a combrous, uncn 
superstructure of lexicography. There was no philosophical principle is & 
speculation of that century, nor any great historical problem to guide # 
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hilology, which could have led either towards physiological or philological 
iscoveries concerning the tribes and languages of mankind. 

The mighty genius of Bacon was indeed aware of the importance and 
lysterious nature of language. The first chapter of the sixth book ‘De 
ugmentis Scientiarum,’ contains ample proofs of both. He there enume-. 
ites among the desiderata, as a portion of the doctrine De Organo Ser- 
Onis, a treatise, ‘De Notis Rerum,’ by which he means a philosophical 
talogue of real signs (characteres reales) corresponding with the number 
' radical words,—and also a philosophical grammar (Grammaticam Phi- 
sophantem). ‘There is enough for centuries in both these problems. 
here is also much of wisdom implied in his general invaluable principles 
‘induction and analogy ; and it is to be regretted that these germs have 
it hitherto been fully developed. But Bacon himself did nothing towards 
at object with respect to language. He neither developed the principles 
grammar nor of the formation of words ; still lesa did he attempt a classi- 
re of languages, or try to establish a method of inquiry into their nature 
@ origin. 

Leibnitz is beth the author of the comparative philosophy of language, 
d the first successful classifier of the languages then known. His principal 
ject in the foundation of the Academy of Sciences at Berlin was, as his 
emoir of 1710 proves, to ensure the progress of this philosophy and classi- 
ation of languages, and hereby to trace the genealogy of mankind. His 
brevis designatio meditationum de originibus gentium, ductis potissimum 
indicio linguarum®*,’ and bis letter to Tenzel+, form an epoch in the 
story of our science. We may call the speculations, divinations and dis- 
veries of Leibnitz in this respect prophetic, as one of the most illustrious 
tronoiners of Europe, now amongst ust, in his last scientific report, has 
led Kant’s speculations and suggestions published about the middle of the 
it century (1755), as to the system of the celestial bodies, with reference 
the astronomical discoveries which adorn our age. 

The great philosopher of KGnigsberg himself, in laying the foundations 
his speculative philosophy of the mind, entered also into the nature of 
iguage and the definition of a race, and occupied himself with the method 
d importance of a comparative analysis of languages, partly in his philoso- 
ical works, partly in his preface to a Lithuanian grammar. About the 
ne time, Albrecht Haller at Gottingen founded modern physiology, with 
it special application to the races of mankind subsequently developed by 
umenbach. John Harris (1751), in his ‘ Hermes,’ a book full of ingenious 
soning and of learning, laid the foundation of grammatical philosophy. 
on afterwards (1786) Horne Tooke, his acute opponent, developed, amongst 
ubtful speculative theories, some very pregnant views respecting the origin 
inflexions, suffixes, and formative words: a most important point for the 
mparative analysis of languages. Horne Tooke's researches in this re- 
ct are perhaps equalled for ingenuity only by those of Bilderdyk, the 
itch poet and essayist, on the origin of the three grammatical genders. 
it none of these three writers entered into the general subject of the clas- 
cation and comparison of languages. Nor does the elementary treatise of 
: great Sylvestre de Sacy on universal grammar approach this problem. 
was only in the first years of the nineteenth century, that Adelung’s 
lithridates’ (completed by Vater in 1817) began to lay before the world 


' Leibnitii Opp. ed. Dutens, IV. B. p. 186 seg. First published in Miscell. Berolin. 
\0. See Guhrauer, Leibnitz, ii. p. 129. . 
+ Gahraver, i. 1. Ls 
» Professor Struve of Paltowa in his ‘Repport & M. le Comte Ouvaroff,’ 1607. 
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ou a general plan as complete a review of all the languages of the globe x 
his materials allowed him to form. This careful compilation far surpass 
all previous collections, like those of Hervaz (1785), and of William Man. 
den (1796), not only by its completeness, but also by its method. Strang 
to say, Adelung seems not to have known Leibnitz’s researches. But ke 
follows out Leibnitz’s plan. He not only gives for every language the tr- 
ditional specimen of the Lord's Prayer, and more or leas complete lists 
words, with the most characteristic grammatical forms, wherever any ext 
and are known; but he presents the languages themselves for the first time 
in a systematic order, and classifies them, to a certain degree, according to 
their affinities. In this classification he proceeds from the fundamentl 
distinction of monosyllabic and polysyllabic languages, and acknowledges 
the claim of the first to a higher antiquity. Without adopting a theory, « 
establishing one of his own, respecting races and their origin, he attempts 
and often successfully, to group together a vast number of cognate |an- 
guages. These qualities, and a sober, rather bald, style of writing acd 
‘ composition, have procured Adelung’s work a great authority in Europe. i 
comprises, moreover, in one of the later volumes, one of the most accurate 
specimens of linguistic analysis which we possess, in Wilhelm von Hum 
boldt’s Essay on the Iberian or Basque language. Finally, it ought not to 
be forgotten, in this essay, and in this place, that the study and review of the 
‘ Mithridates,’ gave Dr. Young, as he himself said, the first idea of inquiry 
into the hieroglyphic system ; inquiries which have led to discoveries witt- 
out which our problem could not even be proposed, nor the question mooted, 
which we hope to answer. 

But judging the work by its bearings upon the definitive problem of | 
guistic science, we must confess that Adelung was merely a linguist, ax 
neither an accurate philologer nor a deep philosopher; and that Vater # 
the continuation has not shown himself much of either. The results d 
their researches are therefore only elementary and provisional. Even as2 
compilation, the ‘ Mithridates’ is already superannuated. Not only are is 
materials, in consequence of the copiousness of later discoveries and inqu- 
ries, lamentably defective ; but the method of arranging and sifting thos 
materials is entirely below the demands and necessities of the present stat 
of science. 

Adelung’s work was completed by Vater in 1817. But already two year 
after the publication of the first volume of the ‘ Mithridates,’ which toot 
place in 1806, a work appeared, small in extent, and on the whole oalra 
sketch, but possessing all those properties which constitute an epoch-makiig 
work,—I mean Friedrich Schlegel’s ‘ Essay on the Language and Philosopty 
of the Hindoos (1808).’ He fully established in it the decisive importer” 
and precedence which grammatical forms ought to have over single wort 
in proving the affinities of languages. He based this claim on the primerd 
and indestructible nature, and the unmistakeable evidence, of the grammatical 
system as to the original formative principles of language. By an appli 
tion of this method he triumphantly showed the intimate historical connex® 
between the Sanscrit, the Persian, the Greek, the Roman, and the Ge 
manic languages. Such a connexion had indeed been already observed by 
the active and elegant mind of Sir William Jones, but, unfortunately, ¥i? 
go little philological accuracy and philosophical clearness, that his remstt* 
did not lead him or his friends and followers to any historical classifica 
of languages. It is to the impulse given by Schlegel’s work, that we are 
debted in a high degree for the ideas on which the new linguistic schoo! ° 
Germany has proceeded. The value of its details has now quite ceased, #0 


ON ETHNOLOGY: 261 


he elaborate and accurate works on Sanscrit etymology by A. W. von 
schlegel, Bopp, Burnouf, Lassen, Pott, Benfey, Wilhelm von Humboldt, 
Lepsius, Héfer and others. All these men followed out the tracing of the dif- 
erent branches of languages connected with the Sanscrit. The unscientific - 
‘Xpression of “eastern languages” ceased among the learned. The circle 
ff Indo-Germanic languages, as they were called, was gradually extended 
o the Lithuanian, the Slavonic, and finally, by the combined and inde- 
endent researches of Dr. Prichard, Bopp, and Dr. Meyer, to all the lan- 
uages of Celtic origin. Classical philology was not the last to benefit 
y this great discovery: the grammatical forms and roots of Greek and 
atin began to be considered under this new light by eminent Greek and 
atin scholars. Such a combination of linguistic researches with true and 
eep philology is of the highest importance for the success of ethnologic ‘ 
searches, It is the only safeguard against unscientific intrusions into ethno- 
gy. Linguists, if only occupied with classifying languages, are easily led to 
very superficial comparison of incomplete and crude materials. The phi- 
logical treatment of such languages as have a literature aod lite docu- 
ents of different periods, is best adapted to keep mere linguists in the path 
' rational criticism, whenever they may be tempted to decide too rashly on 
ioms of savages and unexplored tongues, known only by incomplete and un- 
gested vocabularies, or even only by accidental lists of some hundred words. 
| the same manner, such a philological exercise of linguistic criticism is of the 
‘eatest importance to the traveller who intends to communicate knowledge 
specting the languages of savage and illiterate tribes. George Rosen, the 
orthy brother of the late lamented Professor of the London University Col- 
ge, and Richard Lepsius, were able to ask the natives of Caucasus and of 
¢ Upper Nile many more questions than ordinary travellers, when learning 
om the lips of the natives the Ossetic, the Nubian, and Meroitic languages. 
epsius’ analysis of these two collateral languages of the Egyptian will, it is 
be hoped, soon appear. Rosen's lately published grammar of the Ossetic 
oguage may be cited as an excellent specimen of the result of such philo- 
Bical inquiries on the spot. 

his consideration will lead us to appreciate the immense importance of 
€ critical, philological, and historical treatment of one whole branch of the 
do-Germanic languages, and that the branch most amply developed and 
ost richly stored with literary documents, as well as best known to our- 
lves—I mean Jacob Grimm’s Teutonic Grammar. In that astonishing 
ork a whole family of languages has for the first time found an expositor, 
id as it were a historiographer, placed on the summit of the comparative lin- 
istic analysis of our age. Grimm’s researches and discoveries have there- 
re exercised, and will long continue to exercise, a decisive influence on 
' not merely superficial and elementary inquiries into the organic laws of 
'y given language. Grimm’s Teutonic Grammar, comprehending the 
‘andinavian as well as the German languages in all their ramifications, re- 
ices each of them to its most ancient forms, and follows it down from that 
int through the whole course of its developments. It founds itself princi- 
lly on an almost uninterrupted series of documents through fifteen hundred 
ars of German literature, from Ulfilas to Goethe. By its method and its 
sults this colossal work forms not only an epoch in the history of Germanic 
tilology, but of ethnologic philology in general. For we have now a 
andard, according to which every other research must be tested, and all 
iguistic information measured, in order to judge of its approximation to 
‘curacy and completeness. Grimm has adopted many of the elements of 
e grammatical theory which we owe to the scientific knowledge of the 
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Sanscrit language ; and he has shown throughout his work that precision aod 
critical accuracy which is the great pride of classical scholarship. But be 
has also, in the analysis of that richest, best understood, and thriving family of 
languages, employed terms und established principles which are more or les 
applicable to all the languages of the Japhetic, Semitic, and Chamitic tribes, 
and have already been applied and followed out by Lepsius, Meyer, and 
others. His terminology of anlaut, inlaw, auslaut, umlaut, of strong and 
weak declension and conjugation, and similar phrases, have been found of 
decided use in the remotest parts of ethnological inquiry. I may be allowed 
to quote, as instances, Lepsius’ and my own Egyptian, and Dr. Meyer 
Celtic and Cymric researches, Schott's Mongolian and Rosen's Ossetx 
Grammar. But above all, his discovery of the law of éransposttion of sound: 
(Lautverschiebung) prevalent in the Sanscrit, Greek, Roman, and Goth 
words, as compared with each other, is one of the most fertile and triun- 
phant discoveries of philological ethnology. According to this table in the 
scale of the labials,— 

the Greek P corresponds with the Gothic F and the Old German B or (¥). 

B F 


bP 99 93 Pp ” 39 


’ F 9 ” B 99 99 P 
In ‘the scale of the dentals,— 
the Greek T corresponds with the Gothic TH and the Old German D 
D T Z 


bb TH 99 9 D Pe ] » T 
In the scale of the gutturals,— 


the Greek K corresponds with the Gothic { a ny and the Old German G 


Pa Greek 9 ” K ” » CH 
X 
a | A (Lacin} \ ” G ” ” K 


By this simple table we find a most regular, and, therefore, certainly not 
an accidental analogy in those languages ; we are enabled to establish tree 
etymologies, and, what is still more important, to discard innumerable pa#, 
present, and future false ones*®. ‘ 


* We give the following words as specimens after Grimm and Bopp. If the harisonul 
lines are used to show the succession of sounds in the same language, and the 
ing organic sounds of the two others are placed one under the other, vertically, the 
table takes the following shape :— 
I. Labials II. Dentals. 11. Guten 


lL 2 3 h. 2 3. 1. 2. 
Greek... .. P BF T OD _ Th K G Ch 
Gothic. . . .. F P 8B Th T OD (H.G) K G 
Old High German. B(v) F  P D 2a *T G Ch XK 
Sanskrit. Greek. , Gothie Old High 
I.—l. Padas (foot) wous, rodds pes, pedis fdtus yuoz. 
Panchan (five) were quinque fimf vinf. 
Pirna (full) srXéoe plenus fulls vol. 
Pitri (father) warnp pater fadrein vatar. 
Upari (over umép super ufar ubar. 
I.—2. vrish& (cow VACCR =e twee e ene fersa. 
sesees (hemp) cavvaBcs cannabis nsccceens hanf. 
bala (young) —e Dullus knee eens folo. 
IL—3, Bhanj (to break) frangere brikan préchan. 
Bhuj (to enjoy) frui, fructus briikon prichda. 
Bhratr! (brother) frater brothar pruodar. 
Bhri (to bear) épw fero baira piru. 
Bhré (brow) ie prawa. 


Kapila (head) cepahs) caput haubith houpit. 
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Thus the desiderata of Bacon, and the general plan and fundamental views 
of Leibnitz had been carried out, in the course of our century, to a con- 
siderable degree. By a rare combination of philoeophical thought, of phi- 
lological accuracy, and of linguistic research, a method had been established 
for analysing a given language and detecting its affinities with another of the 
same family. By this process, in the Semitic, and still more so in the 
Japhetic languages, the general observations of preceding philosophers on 
the characteristics and the relative advantages or imperfections of the Jan- 
guages of mankind had become entirely obsolete, being partly incumplete, 


Sanskrit. Greek. Latin. Gothic. Old High 
I1.—J. Tvam (thou) Tv tu thu du. 
Tam (him) roy is-tum thana dén. 
Trayas the Tpsis tres threis arf. 
Antara (other) érepos alter anthar andar. 
IL-2. Dantam (tooth, ace.) éddvra dentem thusta-s gand. 
Dvau (two) obo duo tvai zuéneé. 
Daxind (right hand) déetia dextra taihsvé zésawa. 
Uda (water) Udwp unda vaté wazar. 
Il.—3. Duhitri (daughter) O@vydrap dauhtar tohtar. 
Dvar (door) Ovpa fores daur tor. 
Madhu (sweet) ped ’ méto. 
L—1. aren dog) KvwY canis hunths bund, 
) kapoia cor (dis) hairt6 hérza. 
Akscha (eye) Kos oculus augé ouga. 
Acru (tear) ddxpv lacryma zahar. 
Pacu (cattle) pecus faibu vibu. 
German 
§ hwiher, f exupos socer svaibra suebur. 
Schwager) 
Dacan (ten) dé decem taihun zéhan 
HL—2. Jh& (to know) yvops gnosco kan chan. 
Jati (kin) yévos genus kuni chuni. 
Janu (knee) yoru genu kniu chniu. 
Mahat (much) peyas magnus mik Is mihil 
Iil.—3. Hansa (goose) xv anser gans kans. 
yas (y ) ; heri gistra késtar, 
Lih (to lick) Ael lingo laig6 lékdm. 


The Lithuanian follows generally the three old languages, Sanskrit, Greek and Latin, 
only substituting, from its deficiency in aspirates, unaspirated for aspirated letters, for 
instance :— 


Seuskrit. Lithuanian. 
Ratha (waggon) rata (wheel). 
Ka (who ?) ka (who ?) 
Dadémi (I give) dumi. 

Pati (master) pats (husband). 
Panchan (five) . penki. 
Trayas (three) trys. 


A few irregularities occur, such a3 Sanskrit nakha (nail) and Lithuanian sagae, and not 
wakes, a8 it ought to be, according to the general law. 

The Zend also ranges with the Sanskrit, Greek and Latin, only that according to its 
euphonic laws tenues are sometimes changed into aspirates by a following letter, in which 
cases it coincides apparently with the Gothic. 

In the languages above compared there occur irregularities as to the displacement of 
sounds only in the middle and at the end of words. Thus the Latin pater, ought to be 
Gothic fathrein (parents), and the Old High German vadar, instead of fadrein and vatar. 
Thus the Gothic fidvor, instead of fi¢hvor (quatuor) : Latin sopio, Gothic slépa, Old High 
German sléfu, etc. Nor do the grammatical inflexions always submit to these laws. For 
instance, the Latin Aade?, and Gothic Aabeith, is in Old High German Aapé?, and not hapéd. 
ana the beginning of words the law above exhibited is without exception for Greek, Latin, 
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partly erroneous, and all inaccurate, scientifically speaking. The great 
desideratum then was, that more accurate reflexions should be made on 
those points by an eminent philosophical mind, with a full knowledge of 
all the modern discoveries. This want has been supplied in an admi- 
rable manner by the immortal posthumous work of Wilhelm von Hem- 
boldt, the introduction to his analysis of the Kawi language (1836). The 
title of this introduction is, ‘On the Diversity of the Constructions of 
Human Language, and its Influence on the Intellectual Development of 
Mankind.’ Beginning with the simplest elements of speech, the illustrices 
author gradually proceeds to the construction of a sentence, as the expres- 
sion of intellect and thought. He then shows that the Chinese is a perfect 
form in its kind. In examining, explaining, and comparing the different 
means used by different nations to render single words susceptible ef 
signs, destined to mark their position in a sentence, he shows that all accom- 
plish this, more or less imperfectly, with the exception of the Sanserite 
family, in which he gives the prize to the language of the Hellenes. Thus 
he is brought at last irresistibly to the result, that the Chinese language 
and the Sanscritic family represent the two extremes of all known formations 
of speech. With respect to the Semitic languages, he considers them 2s 
standing on the same line with the Sanscritic, in consequence of their de- 
cided tendency towards the system of inflexional forms; other formatiors 
necessarily occupy, according to him, a place between those two extremes. 
In following out this great plan of comparative philosophy respecting ali 
the different phenomena of language, he does not enter into a particular 
consideration of the historical problem which is to occupy our attention. 
He considers it possible that the different classes of formations constitute, as 
it were, the stages of a continual development. It is also possible, he 
continues, that such different formations may be accompanied by historical 
affinities, arising out of a common origin. But, he adds, this must entirely 
depend upon historical research*: and into this research he does not enter ; 


nor does he discuss the method of such an inquiry. He not only abstainsfrom | 


the historical investigation, but seems to declare, in another passage, that a 
complete and satisfactory classification of all languages is an impossibility, on 
account of the numberless varieties of formationst. In another, later passage 
of his work, he expresses his doubts whether there may not be a radical con- 
nexion between the Chinese and Burmese languages}, and gives some re- 
markable instances even of grammatical affinities. Now if such a radical 
affinity should be established, it is clear that an immense step would have been 
made towards proving that the languages of the great majority of mankind 
have a common origin. Humboldt therefore was far from denying such a 
possibility. Under these circumstances we think it safest to express the final 
result of W. von Humboldt’s researches in the very words of the concluding 
sentence of his great work. These remarkable words are the following :-— 

“The result of what has been developed hitherto is this, as far as the 
expression of grammatical relations by particular signs, and the syllabic 
extent of words is concerned. If we consider the Chinese and the Sanscnt 
languages as the extreme points, there is in the other languages lying 
between those points, whether they keep the syllables separate, or attempt 
imperfectly to amalgamate them, a gradually increasing tendency to make 
the grammatical expression more visible, and to unite syllables to words 
more freely.” 

To have established this great result, by a scientific method, with copious, 


* § 5, p. xxxv. § 7 p. lziii. tT § 24, p. cecxlvi. ¢ Ibid. p. ceeixxxvm. 
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sound, and thoroughly digested materials, constitutes, in my opinion, the lasting 
value of a work, which besides claims an eminent rank as the concentration 
of the thoughts and researches of a man of excellent judgement and profound 
learning, who had dedicated a great part of his active life partly to specula- 
tions on language in general, partly to a critical and detailed analysis of a 
variety of tongues. As to its bearing upon the great historical problem before 
us, although, as we have already observed, the author purpoeely refrains from 
entering into the general question of the original unity or diversity of races 
and languages, his work will nevertheless be found to point out the most 
valuable landmarks for all who are bold enough to sail on this wide and dan- 
gerous ocean. Its researches belong to the Calculus sublimis of linguistic 
theory. It places Wilhelm von Humboldt’s name in universal comparative 
ethnologic philology by the side of that of Leibnitz. 

We have hitherto considered the development of modern philological 
research without the admixture of the physiological element first applied to the 
inquiry into races by Haller and Blumenbach. But I cannot conclude 
this rapid sketch without a particular mention of the two works which have 
lately treated the question of races and languages in general, and which both 
combine admirably the physiological with the ethnologic and historical ele- 
ments, I mean Dr. Prichard’s ‘ Researches into the Physical History of Man- 
kind,’ now complete before the world in five volumes (and already reproduced 
in more than one translation), and the great work of ourage, Alexander von 
Humboldt’s ‘ Kosmos.’ It must be gratifying and encouraging to see how 
an impartial appreciation of the physiological inquiries carried on from the 
time of Camper and Blumenbach down to Cuvier and Johannes Miiller, in 
their combination with ethnologic philology and history, has led these two 
eminent authors to conclusions, which, for the purpose of our investigation, 
may be comprehended under the two following heads :— 

FYrst, that although physiological inquiry by itself can never lead to any 
conclusive result, still it decidedly inclines, on the whole, towards the theory 
of the unity of the human race : 

Secondly, that philological inquiry, as far as it has hitherto been conducted 
in a scientific manner, rejecting therefore, on the one side, loose comparisons 
of single words, and, on the other, hasty conclusions drawn from a few isolated 
startling facts, tends more and more to the same result. 

But philological inquiry has not been able to justify such a conclusion 
scientifically. The last great philological work on the subject appears, 
on the contrary, as we have just seen, rather as a warning against the problem 
which we have ventured to place at the head of our inquiry. 

In the introductory part of this lecture I have not hesitated to ascribe 
to the results of Egyptian ethnologic philology a great importance with 
regard to this problem, and in particular to the relation of Asiatic and 
African humanity. Before I proceed therefore to state the general results 
which I believe we are already enabled to draw from the radical affinities of 
idioms for the classification of languages, and for the universal history of 
mankind, it will be necessary to point out the bearing of those philological 
Egyptian researches upon comparative ethnologic philology in general. 

Champollion established satisfactorily, and demonstrated by monuments 
what the Berlin Coptic school of the last century had made more than highly 

probable,—the general identity of the old and modern Egyptian languages. 
He proved the language of ancient Egypt to be a genuine organic structure, 
and not a confused corruption aud mixture, as some theologians had shown 
@ great tendency to assume. In exhibiting the system of ancient Egyptian 
declensions and conjugations, and even of the syntax, he was not entirely un- 
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aware of a certain difference between the old Egyptian and the Coptic forms. 
Still his grammatical views and remarks on this latter point are very defective 
and erroneous. Not being a master in that comparative philology in which 
his illustrious countryman, Eugéne Burnouf, has taken so eminent a part, by 
the side of the first Iranian philologers of Germany, he was unable to observe, 
still more to account for most of those differences. It was Lepsius, who, in his 
Letter to Rossellini (1837), pointed out the principle in which they originate. 
I have since endeavoured to give a complete survey of the grammatical 
forms and roots of the ancient Egyptian, in the grammatical and lexical expo- 
sition of the first book of my ‘ Egypt,’ and to establish that those differences 
are organic, and analogous to the gradual development of the system of 
hieroglyphic writing. It was also Lepsius, who, in his most acute Essay ‘On 
the Egyptian Numerals,’ first showed the deeply-rooted radical analogy which 
the ancient roots of the language of Egypt bear on the one side to the Indo- 
Germanic family, on the other to the Semitic. Dr. Meyer carried this 
out more fully, by showing the undoubted affinity between Egyptian roou 
and those of the Indo-Germanic family, including the Celtic; an affinity of 
which Schwartze also had given occasional examples in his great work. This 
author has also insisted upon the affinity with the Semitic, which in the 
grammatical, and especially the pronominal part, is decidedly prevalent: s 
point which has been more particularly developed by Benfey. 

The particular purpose of my studies in this field was to bring the resalts 
of these discoveries to bear on the universal history of mankind, and on the 
connexion of this history with the physiological affinity of the nations, which 
have hitherto taken the lead.in the civilization of the world. The con- 
clusions to which [ arrived in pursuing this course will be better understood, 
after I shall have presented to you, as I now proceed to do, under three 
heads, the historical facts established by the critical schools of the Indo- 
Germanists, the Semitics, and lastly, by the Egyptologists. . 

IL Eight, more or less extensive, historical families, or single nations have 
been ascertained to constitute one great Asiatic-European stock, of which 
even the remotest members speak original languages, more intimately con- 
nected with each other than with any third tongue, or family of tongues, 
in the world. We shall call this stock here, for the present, the Japhetic, ac- 
cording to a terminology which we shall in the sequel find reason to enlarge 
considerably. 

The frst great family of this stock are the Celts, once spread over 
Asia Minor (Galatia), Spain, France, Belgium, Helvetia, a great part of 
Germany, and throughout the British Isles: it is still in the Kymric (of 
which the Bas Breton is a corrupted form), the language of Wales, and 
in two cognate forms, the Gaelic and the Erse, the native tongue of the 
Highlands of Scotland, and of the whole of Ireland. This family we con- 
sider as representing the most ancient formation of the whole stock. 

The second family is the Thracian or Illyrian, once spread on the 
Dnieper, the Hellespont, and in Asia Minor, in which countries it was fol- 
lowed, and partly supplanted, by the Pelasgzan, or ante-historical formation 
of the Hellenic. The languages of the Epirots and Macedonians belong to 
this family: it is now represented by the Skipetarian, or the language of the 
Albanians or Arnauts. 

The third is the Armenian, the language spoken during the historical age, 
in the country which, according to the most ancient traditions of the Semites, 
was the cradle of mankind, and again the primeval seat of man after the 
deluge of Noab. 

The fourth formation we venture to call the Asiatic Jranian, or the 
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Iranian stock as presented in Asia. Here we must establish two great sub- 
divisions. The one comprises the nations of Iran proper, or the Arian stock, 
the languages of Media and Persia. Its most primitive representative is the 
Zend. We designate by this name both the language of the most ancient 
cuneiform inscriptions (or Persian inscriptions in Assyrian characters) of the 
sixth and fifth century, and that of the ancient parts of the Zend-Avesta, or 
the sacred books of the Parsis, as explained by Burnouf and Lassen. We take 
the one as the latest specimen of the western dialect of the ancient Persian and 
Median (for the two nations had one tongue), in its evanescent state, as a dead 
language ; the other as an ancient specimen of its eastern dialect, preserved 
for ages by tradition, and therefore not quite pure in its vocalism, but most 
complete in its system of forms. The younger representatives of the Persian 
languages are the Pehlevi (the language of the Sassanians), and the Pazend, 
the mother of the present, or modern Persian tongue, which is represented 
in its purity by Ferdusi, about the year 1000. The Pushtu, or language of 
the Afgans, belongs to the same branch. The second subdivision embraces 
the Iranian languages of India, represented by the Sanscrit and its daughters. 
Which of the languages of Hindustan belong to the Arian stock, and which 
to the Indian family of languages prevalent before the Iranian immigration, 
is a disputed point, which we hope will be brought nearer to a settlement 
by Dr. Miiller’s lecture this day. 

The fifth family is the Hellenico-Italic, or the Greek and Roman, and all 
the Italic languages, with the doubtful exception of the Etruscan, which at 
all events was a mixed language, having a Pelasgic groundwork, with a great 
barbarian admixture. Under Italic tongues we understand the languages of 
Italy proper, south of the Apennines, and of the Italic isles. 

The stzth family is that of the Slavonic nations in their two : 
branches ; the eastern, comprising the Old Slavonic of the Bible and of 
Nestor, the Russian, Servian, Croatic, and Wendic; and the western, the 
languages of the Tschechs (Bohemians), Slovaks, Poles, and Serbians, 
once prevalent in the north of Germany, and now spoken from the Adriatic 
to the Dnieper. In the ancient world, this great, powerful and much-divided 
family is represented by the Sasromate of the Greeks, or the Sarmate of the 
Romans, a nation living on the Don and near the Caspian Sea. For the state- 
ment of Herodotus that they spoke a faulty Scythian, may as well be under- 
stood in the sense in which the English may be said to speak a bad French, 
as in that in which one might say, the French speak an incorrect Franconian 
German. The first interpretation is, according to the testimonies of other 
ancient writers respecting the physiognomy of the Sarmate, the only admis- 
sible one. Those tribes which Herodotus knew, spoke their language mixed 
with that of the Scythians, which does not prove that the rest did. 

The seventh, nearly allied to this and the next family, that of the Lithuanian 
tribes, among which the ancient Prussian represents the most perfect form, 
is in some points nearer to the Sanscrit than any other existing tongue. 

Finally, last not least, the Teutonic nations in their two branches, the 
Scandinavian and the German. The first has preserved its most ancient 
form in the Icelandic; the Swedish and Danish are the modern daughters of 
the Old Norse language of Scandinavia. The second is the German, now 
the language of the whole of Germany, and almost the whole of Switzerland. 
Its northern or Saxon form has received a peculiar individuality in the 
Flemish and Dutch tongues, and, by the emigrations of the fifth century of 
our era, has become, mixed with French words since the Norman Conquest, 
the prevalent and leading language of the British Isles, and is becoming 
how, by the still continuing emigrations since the seventeenth century, that of 
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the northern continent of America. The southern German tribes have sue- 
cessively formed, with a greater or less infusion of words into the Latin 
groundwork, the Italian, French and Spanish languages. | 

II. The following nations form another compact mass, and represent 
one physiologically and historically connected family; the Hebrews, with 
the other tribes of Canaan or Palestine, inclusive of the Phcenicians, who 
spread their language, through their colonization, as that of the Carthagi- 
nians; the Aramaic tribes, or the historical nations of Aram, Syria, Mesopo- 
tamia and Babylonia, speaking Syrian in the west, and the so-called Chaldaic 
in the east; finally, the Arabians, whose language is connected (through the 
Himyaritic) with the thiopic, the ancient (now the sacred) language of 
Abyssinia. We shall call this second family, by the name now generally 
adopted among German Hebrew scholars, the Semitic. 

III. The language of the ancient Egyptians has an equally organic strac- 
ture, but much less developed than those two families, and is connected in 
its roots and grammatical forms both with the Japhetic and the Semitic stock. 
This phenomenon cannot be explained, except by the supposition that those 
two great families were originally connected with each other. Is then, we 
ask, the method employed to establish the affinity between the different 
branches of each family sufficient to solve this ulterior problem? Or, if 
not, which are the scientific elements of a new and higher method of solu 
tion? Before entering further into these questions, allow me to present to 
you some ideas respecting the importance which these linguistic results seem 
to me to have as illustrating and explaining the general course of the civil+ 
zation of mankind. 

It is only necessary to reflect on the names of the nations constituting 
the two great Asiatic families, in order to be convinced that these three 
linguistic facts are not merely interesting and important in the ordinary 
view of etymological research and autiquarian erudition. I have stated 
them in the preface to my ‘ Egypt’ somewhat in the following way. Uni- 
versal history, as far as it is the history of the human mind and of civilization 
in what we call the historical age, is nothing but the history of those two 
great families, the Japhetic and the Semitic, with an occasional influence 
of Egypt and the Egyptians. But the Egyptian language, allied to both 
families, not only represents the primeval history of Egypt, but is moreover 
the only known historical monument of an earlier period of the human race, 
and therefore (unless we would derive the Asiatic man from the valley of the 
Nile) the record of the language and civilization of primitive Central Asia 
Of this period, thus recorded, we shall here say nothing more. Nor shall 
we here develope the idea that Egypt's ancient history itself represents the 
middle ages of the most ancient world. But if we look into the later, or s0- 
called historical age, into what may be termed, from a large point of view, the 
modern history of mankind, the principal parts of the great drama of human 
advancement are, in the three great acts which are before us, distributed in 
the following manner ethnologically. In the first, we meet on the one side 
with the Bactrians and Medians, the Indians and Persians ; on the other hand, 
with the Babylonians, and probably the Assyrians, the Jews and Pheenicians. 
For on the very border of the ante-historical age, we find, according to 
Genesis and Berosus, on the one side in the East, the Bactrian, the oldest 
Iranian state, on the other, the first great western empire of Asia (and in- 
deed of the world) of which we have any historical tradition, namely, 
the Babylonian, or the kingdom of Babel (Babiru) on the Euphrates. The 
primitive masters of the Babylonian empire in the primeval period at s later 
epoch spoke most probably the language of the undivided stock, preserved 
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to us by the Egyptian, and the most ancient form of the already indi- 
vidualized Semitic. But even the language of the primitive empire of 
Babylon must have inclined to the Semitic idiom. As to that of Bactria, if 
its list of kings, preserved by the Armenian Eusebius, deserves, as I believe 
it does, serious consideration, all its traditions were in decidedly Iranian 
tongues. As the one may therefore be called the mother of Hebrew, the 
other must have been either the mother of Zend and its colonial scion, Sans- 
krit, or the most ancient form of that very language. 

The neighbouring metropolis of Assyria, Nineveh, belongs, as its name 
proves, to the historical age ; for admitting that Ninus, according to all credible 
accounts of the historians, cannot be placed higher than the thirteenth century 
before our era, the restored chronology and the history of Egypt afford us 
a vew proof of this fact. Geographically it must appear highly probable 
that the Assyrians, the men of Old Kurdistan, having Nineveh as their later 
southern metropolis, spoke a Semitic language: even the apparent affinity of 
the names of Assyria and Syria seems to lead to this assumption. But it must 
be candidly confessed, that hitherto we have no positive proof of it. Assyria, 
as regards its most essential and primitive region, is represented by modern 
Kurdistan ; and the Kurds speak an Iranian language. So do the Armenians, 
their northern neighbours, whose historical traditions reach very far back. 
Indeed there is no proof of a Semitic language on the left bank of the 
Tigris. But on the other side, the cuneiform alphabet, the characters of 
which are called by the ancients Assyrian, is undoubtedly not constructed for 
an Iranian language. Moreover, Assur is in the Mosaic table of Semitic 
origin, posterior to the Babylonian empire; and Assur seems to point to 

yria. 

In the second act of the modern history of mankind, we find, on the . 
Japhetic side, the principal parts of civilization entrusted to the Hellenic 
and Italic nations; the Jews again, with the Carthaginians, representing the 
Semitic on the other. Finally, in the third act, now still on the scene of 
the world, we have as the leaders, the Scandinavian, the Germanic, and the 
Slavonic nations: but here also a powerful admixture of the Semitic ele- 
ment is not wanting. There is, nationally, the conquering Arab, who with his 
sword and his Islam once penetrated even into Europe. There is, individu- 
ally, the Jew, standing without a country and temple, between the past and the 
future, and meanwhile living as a cosmopolite among the children of that Ja- 
phet, who was destined “ to live in the tents of Shem,” and whose children, at 
the dawn of history, drove him out of his primitive seats, and finally destroyed 
his city, and that temple, upon the ruins of which the Christian church was 
built, to spread all over the earth. Now what is the remaining history of 
the world, but an account of incursions and devastations, with the names of 
disturbing tribes, savage conquerors, and a few isolated sages? Egypt, in 
spite of occasional conquests and a continued but mummified civilization, 
is in this historical age only remarkable as having nursed the great legis- 
lator of the Jews, and given him occasion to found the first religion, based 
upon our moral consciousness, emancipated from the bondage of the ele- 
ments, and striving after liberty through the law of conscience. That whole 
age is the agony of Cham. If we compare the relative position of the two 
families in those three periods, we observe an increasing extent and power of 
the Japhetic element, destined to rule the world in a number of successive 
nations, Of the two first known empires of the world, the more powerful and 
influential seems to have been that which, if it did not speak the most ancient 
form of Hebrew, certainly must be considered as the representative of Shem. 
Shem appears in his own annals as one who had left his native land, and in 
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the course of ages migrated west and south from the primitive common seat 
of the civilizing stock in Central Asia, with an unceasing tendency towards 
Egypt. In the historical age of the world the power passes rapidly and 
irresistibly to Japhet. The great continuous stream of human civilization 
runs, since that time, clearly in a Japhetic bed; whereas Shem takes the 
most prominent part in the religious development of mankind. The three 
cognate religions which govern the world are Semitic, based upon Semitic 
records, and founded and propagated by Semites. But conscious specula- 
tion and philosophy speak by the mouth of Japhet; and its heroes are 
Hellenes and Romans, Romanics and children of the Germanic stock. It 
dawns among the Iranians, and bursts the fetters of Islamism in the Safism 
of Persia. It is to the sons of Japhet that the beautiful was revealed. 
Before the Hellens received that revelation in its fulness, before the forms of 
the images of the gods were beheld by the reproducing artist, architecture, 
sculpture and painting had their temples in Iranian Asia. Sesostris of the 
old empire must have borrowed from Japhetic inventors, as Solomon and 
Hiram did. In poetry, the Semite excels in the lyric: his feeling of us- 
tionality, weakened by the prevalence of tribe-feelings, is not sufficiently 
wide and vivid to produce epic poems, or narrative poetical representaticas 
of national destinies. Finally, the drama, or the combination of the lyric 
and epic elements, and the complete representation of the eternal laws of 
human destiny in political society, is entirely unknown to the Semite. It 
is exclusively the creation of the Hellenic mind, feebly imitated by the 
Roman, reproduced with originality by the genius of the Germanic race. 
Nor is Iranian India entirely wanting in this last of the three species of 
poetical composition. The ‘Song of Solomon’ shows how near the He 
brew mind was in its zenith to the dramatic form, without being able to 
go beyond the lyric. Thus everywhere the Semitic and the Japhetic mind 
assist und complete each other; but the Japhetic formation is nationally 
always the higher. Individually the power of a great individuality is higher 
among the Semites than among the Japhetites. Throughout history the 
Semitic nations act, as it were, the great episodes in universal history by 
temporary reconquests of the land of the Japhetites, and by opposing pro- 
found thought and religion, inspiration as well as cunning, to the more com- 
prehensive genius, in science, politics and war, of the sons of Japhet. Bat 
what they do is prominently the embodied thought and continued impulse of 
one great hero. The only great empire which the Semites founded in the 
historical age (omitting the Assyrian as not yet explored), that of the Arabs, 
was solely formed by the impulse of Mohammed, and under the influence of 
religious fanaticism. It fell to pieces when that impulse and that excitement 
faded away. Christianity is of Semitic origin; but it was stamped as the 
general religion of the world, and as the organ of civilization, by uniting 
in its cradle the Semitic and Japhetic element. First preached by Jews, it 
was carried over the world by the sons of Greece and Rome. Language and 
civilization, physiology and philology, go hand in hand to illustrate the fact, 
that Shem and Japhet can no more coalesce into one without splitting, than 
be kept asunder without exercising upon each other a strong and animating 
influence. 

The distinction between the Semitic and Japhetic tribes is deeply marked 
no doubt in their language and in their general history. Still, it requires 
but a glance over the American idioms, not to speak of the Chinese, to 
become aware of the fact, that the internal affinity of the languages of 
Shem and Japhet is not founded upon any general similarity in the cor 
struction of human speech. Physiology supplies no distinctions between the 
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two, which are not found between the different families of either stock ; and 
Wilhelm von Humboldt, in his universal view of languages, considers both 
families as by character one. According to him, the Semitic tends to what 
the Japhetic accomplishes. Even before him, many inquiring minds,.some 
led by theological, some by philological, some by historical considerations, 
took a similar view of a question which has been settled, as I believe, by the 
recent Egyptian discoveries. But without being aware of the importance of 
these Egyptian researches, men of scientific character in our time, unwilling 
to bow under the yoke of the two critical schools of the isolating system, 
the Sanscrit and the Hebrew, tried to establish the radical affinity between 
the two great families. And, indeed, if the Japhetic and Semitic nations 
are of the same stock, and if it cannot be denied that there exists an affinity 
between many of the roots of their languages, why should we not try to 
find out a method for ascertaining whether, in spite of the difference of 
the grammatical system, they are not united radically? It is true that such 
an affinity had been rather assumed than proved; and it must not be for- 
gotten that the proof had been attempted by entirely discredited and un- 
scientific methods. But ought the reaction against such assumptions and 
proceedings to prevent us from instituting more scientific researches ? 

The raling critical school, reducing everything to, and deducing every- 
thing from, Sanscrit, turned a deaf ear to such questions, even after the old 
Egyptian language had become accessible to every scholar. The heads of 
the critical Hebrew school, Gesenius and Ewald, had thrown out a hint that, 
by the reduction of the triliteral Hebrew roots to biliteral ones (proposed 
already in the seventeenth century ), we may find much reason to suspect a ra- 
dical affinity between Hebrew and Sanscrit. Klaproth had pronounced, without 
reserve, that it was so, and attempted a proof in the rarest of all linguistic . 
books (1828)*. Ewald, without controverting the assertion, observed, with 
his usual acuteness, that such etymologies must go beyond the historical 
age of Semitic forms; an observation in which Humboldt entirely concurst, 
but which evidently does not settle the question. It was only in 1838 and 
1840 that two masters of the Hebrew tongue (themselves native Jews), 
Fiirst in Leipzig, and in particular Delitzach in Halle, endeavoured to break 
entirely down the wall of partition. Delitzsch acknowledges fully the rules 
laid down, and the method observed, by the Indo-Germanic scholars: he 
rejects as strongly as they the former irregular and unscientific method of 
etymological comparisons; but he maintains and exemplifies the constant 
acd undeniable analogy between the Indo-Germanic and Semitic roots, 
and thus establishes fully the claims to a further investigation upon a more 
extended plan. 

Rodiger, the successor of Gesenius at Halle, was led by his own researches 
concerning the most ancient Arabic forms to similar conclusions. Perhaps 
he or Delitzsch would even have been led to the establishment of a new and 
higher principle of investigation, if the great facts which Egyptian phi- 
lology at that period had already revealed, by Champollion’s grammar, to 
those who were willing to learn, had not been so strangely overlooked by all 
German scholars. Egypt is the connecting link between both; and the 
method of investigation, which the peculiar nature of the Egyptian lan- 
guage demands in order to be understood, cannot but be intimately 
connected with that which seems requisite to establish the historical con- 
hexion between the Semitic and Japhetic languages, by a new and more 

* Observations sur les Racines des Langues Sémitiques: quoted by Humboldt. See the 
following note. 

T P. occexi. and foll. Compare Ewald. Lehrb. § 4. 
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profound investigation of their differences as well as of their similarity. The 
rigid Indo-Germanic school has assumed, but never even attempted to prove, 
that we must reject all proofs of historical affinity not resting upon the iden — 
tity of inflexions and formative words. Now we agree with that school in 
maintuining, that analogies in the musical element of language (if I may so 
call whatever belongs to the peculiarities of intonation, and the greater or 
less prevalence of one or the other class of sounds) are in themselves as ineoa- 
clusive reasons for establishing a connexion in kind, as the varieties of colour. 
the form of leaves, smell, and similar properties are for constituting different 
species among plants, or as analogies ia the colour of hair or of feathers for 
denying the identity of species among animals. But I can see no ground for | 
the assumption that, where identity or affinity fails in the grammatical forms 
and their expression, there can be no radical affinity of languages. For it » 
on this narrow principle that those isolating systems are designedly or us- 
consciously founded. Now we ask (anticipating what we hope soon fully to 
establish), what are (according to their own assumption or admixsion) the 
syllables or words of inflexions but remnants of some of the substantial roots — 
or words (nouns and verbs), once taken out of the then common stock of i- 
tegral words, and by a conventional act stamped to be pronouns, prepositions 
or other particles, which gradually dwindled into inflexional forms? We 
ask further, this being the case, is it not on the contrary probable, that, as 
some families are allied both by decayed and living roots, others may be 
allied by living ones only, the contemporaries of those roots which sfter- — 
wards became forms and consequently decayed? Should not an agreement in 
the roots of nouns and verbs be as good evidence of a more remote, but still 
original connexion and consanguinity, as the agreement in inflexions is allowed 
to be for the nearest relation between them? Languages related by idea- 
tity of forms (viz. by roots, once consecrated for grammatical purposes and 
then decayed) cannot exist at all without an identity or analogy of living 
roots. Persons related by a common father must have a common | 
father. There can be no identity of grammaticized and therefore defunct 
roots, without an historical connexion of the same languages in verbs and 
nouns and their derivatives. But a general affinity in the roots proves a 
common origin and a common history anterior to that point in the develop- 
ment of a language at which the grammatical forms took their origin; there- 
fore a more remote one. We lay it down as a demonstrated and incon- 
testable fact, that a near affinity between languages is impossible without 
an identity of structure in the inflexions and the formative words or sylla- 
bles in general. We have, by a combination of research and philosophical 
study, established a method to investigate this nearest affinity of families. 
But why should we despair of finding also a strictly scientific method for 
investigating a more remote affinity by a comparison of the roots of their 
substantial words? You have hitherto studied the natural history of the 
most grammatical (and therefore, I believe, youngest) languages: you have 
thus found a method for understanding the latest part in the formation, 
representing therefore, I suppose, the most recent period in the history of 
human speech. Of course this method will not carry you farther; and that 
is the reason why you have always signally failed, whenever you have at- 
tempted to investigate languages beyond that narrow family-connexion, and 
when you have attempted to establish an affinity between the Iranian stock 
and a formation anterior to that individual system of forms, as for instance 
the Basque language. Still we cannot proceed further in comparative phi- 
lology, and therefore in ethnology, without investigating that problem. We 
must therefore ask two questions: why should there not be an affinity in 
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living, and not in decayed roots? and if there is, why should not a method 
be found to establish it? For if there is an incontestable (although more 
remote) affinity traceable in languages beyond the inflexions, what, it may 
be asked, is the method for such an investigation ? 

To this no answer is supplied, by the Indo-Germanic school, any more 
than by the Semitic disciples of the schools of Gesenius and Ewald. The 
last-mentioned eminent schular has enunciated a profound principle, already 
adverted to, in asserting that the investigation of the undeniable affinity of 
Sanscritic and Hebrew roots cannot be prosecuted without going beyond 
these two languages. But he has not further pursued his own investigations *. 
Some facts have been elicited by Delitzsch, but these establish no method of 
investigation. And, as we have already indicated, the method, so successfully 
applied by Bopp in the narrow family circle of the Indo-Germanic nations, 
cannot be applied to any further research. The inflexions and formative 
words in the other two families are exactly no¢ the same as the Sanscritic : 
those of most or all of the remaining families of mankind still less. Now is it 
not a logical error in itself, to attempt to prove the remote affinity of languages 
by the same method as that of the nearest in kin? Few of the philologers 
of the critical school will deny, that inflexions and formative particles are the 
remains of roots ; therefore a time existed when those inflexions did not exist. 
That time, and the relation of languages before that epoch, cannot in con- 
sequence be investigated without a methodical inquiry into the living roots 
and their formation. The further we proceed, the more even the vestiges 
of the Sanscritic inflexions will disappear. 

It seems to me to result from this preliminary view of the nature of. lan- 
guages, that we must leave the strictly grammatical comparisons entirely out 
of the question, as soon as we extend our researches beyond the nearest de-- 
gree of affinity ; otherwise we must necessarily fail, and contradict ourselves. 
We might as well try to base comparative anatomy upon principles exclu- 
sively deduced from the affinities and differences of the mammalia, or to 
solve the Keplerian and Newtonian problems by the four species and the 
Euclidean theorems of plane geometry. 

Lepsius, in his ‘ Essay on the Numerals,’ and Dr. Meyer, both in his review 
of Champollion and Lepsius’ ‘ Hieroglyphic Researches,’ and in his criticism 
on Pictet’s ‘ Celtic Grammar,’ have practically shown the insufficiency of the 
old system, and established beyond doubt the fact, that there exists not only 
an undeniable community of living roots between the two families, but also 
that the Egyptian roots present the intermediate link between both, as well 


* I must also e with Ewald in believing, that Dr. E. Meyer has not succeeded in 
solving (in his Hebriisches Worzel-Worterbuch, 1845) the great problem of reducing the 
triliteral Hebrew roots to biliteral. It is impossible not to do justice to the learning and 
acuteness of the young but distinguished author, himself of Ewald’s school; but the prin- 
cipal part of this work (with which I was not acquainted at the time of the Lecture) stands 
or falls with the fundamental assumption, that the third person masculine of the triliteral 
Hebrew perfect becomes triliteral by a reduplication analogous to the Sanscrit and Greek 
perfect, Dr. Carl Meyer's view of the case seems to me much nearer the truth. It is im- 
possible to carry out Dr. E. Meyer’s theory without giving up immediately the idea of re- 
duplication. As to his view of the Egyptian and its relation to the Hebrew, I confess that 
Thave been surprised to see a philologer of the German school, and a man of undoubted 
talent and learning, treat the Egyptian as an unorganic aggregate, and maintain that two 

» Which are without any original connexion with each other, can have the pro- 
houns in common, as he cannot deny the Egyptian and Hebrew have. I shall make no 
remark on his etymologies of Egyptian words, and his derivation of the names of the 
Egyptian gods and goddesses from Semitic divinities. They are far too arbitrary to require 
& critical examination. Other remarks of his show, that he sees clearly enough that both 
aneoees must be most intimately connected. 

e T 
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in words as in forms. Lepsius has proved this in his Treatise on the Numerals, 
and Dr. Meyer has cleatly indicated the elements of the investigation of roots. 
For myself, I have endeavoured during the last thirty years to establish and 
carry out certain canons or general rules for conducting this and all further 
linguistic investigations, and am persuaded that, by a continued combinatioa of 
inquiry and general reasoning, I have arrived at formulas, which are at least 
extremely simple, and which every progress in my researches has confirmed. 
They seem to me to flow from a general principle of suceessive and necessary 
evolution, and to be illustrated by incontrovertible facts. I must reserve for 
my Egyptian work the complete development of this system. In the present 
treatise I shall confine myself to giving a sketch of the leading elementary 
phenomena and principles, as far as it seems required for the solution of the 
problem before us. If under the necessity of advancing more general asser- 
tions or assumptions, I shall endeavour to reduce them to their simplest form. 
and to elucidate them by facts known or accessible to every general reader. 
Permit me therefore first to call your attention to some leading phenomena 
in the development of language. I shall then, in the second place, endeavoer to 
establish philosophically the principle of development ia | generally, 
and the necessary stages of this development. In the third place, I shall at- 
tempt to apply these phenomena and principles first to the question imme- 
diately connected with the Chamitic, Semitic and Japhetic researches, and 
finally, to the general problem of classifying the great families of | 
and of determining how far we are at present enabled to place all known 
families in a line of successive development, and how far that series 


members of a common stock by physical descent. We hope thus to advance | 


some steps towards the solution of the problem before us,—the relative place 
of the language of Egypt in the history of the world, and the affinity and re- 
lative position of the principal families of mankind. 


The phenomena of Language as to the vestiges of its formation, development 
and decay. 


The origin of language is enveloped in deep mystery. It is only bya 
patient investigation of facts, and by generalizing those facts as far as we 
safely can, that we may hope to establish a fair test for a speculative view of 
the general principles of its formation. 

For the investigation of facts concerning the gradual formation of a las- 
guage, the extent of alterations it can undergo without losing the unity of 
its existence, its individuality as it were, and the changes to which it can be 
subjected in consequence of a violent crisis, the most natural method seems 
to be to examine the origin and gradual formation of those languages where 
the necessary facts are generally known, or at least most easily ascertainable. 
These are the Romanic or Latinic, and the modern German and Scandinavias 
languages. The former were formed out of decayed and decaying Latin. With 
the exception of the Vlachic, or the language formed with an admixture of 
Slavonic words, they are the tongues of the South of modern Europe. The; 
were formed out of the Latin in consequence of the settlement of one or 
other of the advancing German tribes in romanized countries, inhabited, as 
to the numerical majority of the inhabitants, by a Celtic population, which in 
former ages had in some of them succeeded to an Iberian. This is the origin 
of the Italian, the Provencal, the French, the Spanish and the Portuguese 
languages; the two latter have received since, through the ascendency of the 
Moors, an admixture of Arabic. 

We have here clearly two great elements. The German tribes, who 
destroyed the Roman empire, were the instigating causes of the utter decay 
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of the declining Roman language, the native tongue of Italy for ages, and 
introduced into the other countries by military colonization. This language 
had been adopted by the Celtic population imperfectly, but to such an extent 
that they gradually forgot their own language, not being gifted with sufficient 
formative capacity to masterand incorporate the intruding element. The ener- 
getic and conquering German tribes did possess this capacity, and gradually 
made the mixed Germano-Latin language the badge of their young nationality. 

The remodeling cause of the formation of those languages was therefore 
Germanic. The element upon which it worked was the Latin tongue, re- 
presented by a decaying Roman nationality, which (with the exception of 
Italy proper) had been engrafted in the South upon a Celtic, and in Vala- 
chia upon a Slavonic population. The active movement of the Germanic 
mind, operating upon the subject Roman population, dissolved, and as it 
were burst the compact structure of the Latin tongue. Thus Germanie 
words were first substituted for Latin, but only in respect to the nouns and 
verbs. As for the particles and the degenerate inflexional forms, the old 
ones were superseded by the substitution of periphrastic forms, derived how- 
ever from the Latin and not from the Germanic stem. Thus the words cts 
and ultra. (originally uds) disappeared. The Italian says, al di qua, al di la; 
the French, au (en) dela, au (par) deld, which gives, as the original form, 
the Latin words, ad illud de gud (parte), and de ilo or per illud de ilid. In 
the same way dorénavant replaces abhinc. To understand the origin of this 
phrase we must reduce it to the barbaric periphrasis, de hora in ab ante. 
The most palpable proof that conjunctions represent a whole sentence is the 
Italian conciossiecosache instead of quamquam, literally, cum hoc sit causa 
quod. The gradual decay and disappearance of the neuter gender in the 
substantives may be traced in the popular dialect from the third century to . 
the year 1000 of our era, when the utmost confusion prevailed among the 
ruins of the magnificent language of ancient Rome, and nowhere more than 
in Rome itself and its neighbourhood. The cases of the noun gave way to 
declensions formed by two prepositions, ad and de, taken from the Latin stock, 
and coalescing with the wreck of the pronoun tlle, which became the article 
of the Romanic languages, the first part in Italian, the second in French. 
In the same way the Latin conjugation disappeared more or less under the 
influence of a periphrastic formation, by the help of esse and habere ; thus 
here also the elements were taken from the Latin stem. And it is worthy 
of remark, that the Germanic nations had themselves as complete inflexional 
declensions as the Latin; they also possessed the article like the Greek; 
but their conjugation of the past and future tenses was decidedly defective, 
and was therefore necessarily supplied by the periphrastic use of the verbs 
to be and to have. In both cases we see how the remodeling element in- 
fluenced the new formations from the Latin. Still the change which took 
place was only indirectly effected by the Germans ; directly it was the work of 
the Latin nations, mixed with those Germans who had destroyed the old world 
of Greece and Rome, upon a language, the decay of which had followed the 
decline and fallof the Empire. Thus the languages of southern Europe have 
all Latin grammatical forms and particles, with a strong admixture of Ger- 
man words (besides the Celtic, and in Spain moreover the Arabic), nouns 
and verbs introduced by the conquering race, which adopted the established 
language, strengthened by literature and the liturgy. 

We find absolutely the same phenomenon in the formation of the modern 
Persian and the Turkish. Both formations were influenced by the language 
and civilization of the leading Mahommedan nation, the Arabs. The gram- 
matical forms‘with the pronouns and other particles are from the original 
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stock, Persian in the one, Turkish in the other. But the modern Persian hss 
one-half of Arabic words, and the elegant Turkish still more foreign elements 
Persian or Arabic. 

The mixture in the Romanic languages is between two tongues of the 
same Iranian family ; that in the Persian is between an Iranian and a Semitic; 
finally, that of the Turkish has besides the admixture of a third family, widely 
different from either. 

In all of them we find that the new tongue was created through what we 
may call a secondary formation, having as substratum a decaying old lan 
guage, which we may consider as the primary one. The secondary forma- 
tion discarded the ancient grammatical forms, and most of the particles; bat 
it kept the radical part of the nouns and verbs, introducing from the new ir 
truding elements only substantial words. That portion of the words which 
had no longer any definite or substantial, but enly a formal or ideal significa- 
tion, disappeared almost entirely. The want was supplied by a new creative 
act, which, operating upon a highly organized language, produced a grett 
decomposition of ancient forms. 

This was more especially the case with the Romanic languages. It wa 
quite otherwise with the Teutonic languages in Germany. The German 
found there partly the Celtic, partly the Slavonic elements. But such ve 
the vitality of the formative process of the rising Germanic race upon the 
sporadic old elements, that only single words entered from those language: 
even from the Latin, the language of civilization and of Christianity, they took 
only a few single nouns and still fewer verbs. A comparison of the Germanic 
languages with the old Scandinavian and the Gothic, combined with a mor 
profound study of the Slavonic, and particularly of the Celtic, seems to bk 
the safest method of detecting their Slavonic and Celtic roots; for the Scar- 
dinavian and Gothic are either entirely or in a great degree free from them 


But all these roots have been prolific, having admitted all the German it 


flexions, and lent themselves to derivations and compositions like the origitd 
Teutonic roots. These foreign elements have not therefore exercised a dis 
organising influence upon the German language. How then has the language 
of Goethe grown out of that of Ulphilas, by a development uninterrupte! 
since the year 600, and still so different from the old form, that no Germ 
can, without a study like that of the classical languages, understand one line 
of Ulphilas’ translation of the Bible in $80, nor even is able without a certam 
effort to comprehend (although that is a comparatively easy task) the nation’ 
epic, the Nibelungen, in its most modern text of 1200? Charlemagne could 
not have understood one word ef the speech which his fiftieth successor "9 
the throne of the German empire made a thousand years after his corost: | 
tion, that is to say, after the native tongue had passed through thirty-four 
mothers. Many words of the ancient idiom are lost in the modern, a 
the grammatical forms have been undergoing a continual process of redur- 
tion. Instead of our present periphrastic conjugation of the passive, ¥¢ 
had in the Gothic, as in the Icelandic, an organic form. In like manne, 
in the ancient idiom of the Francs, instead of our periphrastic mode of & | 
pressing after the verbs of perception and thought, the compound objec 
(substantive and verb) by the particle that, we find the direct construction of 
the accusative with the infinitive, or the still more intuitive Greek construc 
tion through the participlé. On the whole, the abstractions increase in the 
process of the language In the same way, the roots and words (particulary 
the verbs) receive more and more a less material, therefore freer, more I 
tellectual or metaphorical sense ; and the original material signification d* 


appears. 
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The Hebrew began to become unintelligible to the Jews after the Babylo- 
nian Captivity, the Latin to the Italians after the settlement of the Germanic 
tribes; the Gothic itself became extinct by the destruction of their empires 
and their mixture with other tribes and nations; and the old Frank language 
cannot be considered as its direct continuation: but the language of Otfried, 
a thousand years ago, alphabetically fixed and possessing a literature like our 
own, has become unintelligible for the last five centuries to the direct descend- 
ants of the Carlovingian race, without any intervening great catastrophe of the 
nation, or any violent and lasting intrusion of foreign elements. The epochs 
of the language are indeed marked by great events, political and national. 
The present German language has been fixed, after a very unsettled state, 
by Luther’s translation of the Bible, by the uninterrupted series of German 
hymns since the Reformation, by the course of regular preaching, reading 
and instructing in that same dialect, and finally by the modern literature of 

ermany. 

We ecm therefore to be authorized to draw from the phenomena, observed 
as well in the Romanic as in the Germanic languages, the following con- 

usions :-— 

1. Language changes by the very action of the national mind upon it; 
involving a process of filing down of roots, forms and inflexions, and producing 
new derivative or compound words. There takes place through this same 
agency an unceasing advance of words and expressions from substantiality 
(or materialism) to formalism, or from the natural to the metaphorical, from 
the physical to the intellectual, from the concrete to the abstract. 

2. An alphabet and literature fix a tongue as it were by a process of instan- 
taneous crystallization of the floating elements of the national consciousness 
of language ; but they do not prevent the change of the spoken dialect. Lan- 
guages, artificially preserved in a fixed state (e.g. by religious institutions), 
become obsolete and dead: so the Hebrew, the Zend, the Sanscrit, the old 
Egyptian and Abyssinian. A new popular language is created gradually 
by an under current, and national events make it a written and national 

e. 

3. The formation of a new language always presupposes the decay of 
another. Such new formations must be both hastened and greatly influenced 
by the violent intrusion of a foreign element. This element cannot substi- 
tute a new grammar, unless it abolishes the language (as the Anglo-Saxon 
did the Kymric); but it can produce a mized language, the grammar of which 
is of the native, the words, for the most part, of the foreign stem. The change 
in the natural course is an organic development, the broken and mixed idiom 
shows a less organic structure. The natural feeling and understanding of 
words, as significative, becomes as it were dimmer, because the roots often 
disappear, whereas derivations remain, and foreign words are introduced, 
having none but a conventional signification. On the other hand, whenever 
the organic movement of the language has been interrupted by an extraneous 
element and great national catastrophes, the uative elements in the mixed 
language will often keep the ancient form, whereas the native stock, left to 
its own natural development, will use up and loose it. 

Of this phenomenon the Germanic languages offer a most remarkable in- 
stance in the origin and development of the English tongue. By the Con- 
quest, the language of the Anglo-Saxon people was driven from the palace, 
the legislation and the tribunals: gradually however the conquering Norman 
erty adopted the language of the country : the Normans could not over- 
throw the Saxon foundation of England's idiom, as the Saxons had done that 
of the Celto-British. Out of the struggle of the two idioms arose a mixed 
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language like the modern Persian. But there is in the English a more or- 
ganic intermixture of the two elements than in the Persian, because the two 
constituent parts were not so different from each other in origin and forma- 
tion as Arabic and Persian, or Semitic and Iranian. The Persian forms a 
new verb by placing kerden (to do), or a similar Persian verb, after an 
Arabic word. In English we have purely hybrid words by the blending 
of English roots and Romanic formative syllables, such as unspeakabé, 
starvation, and the obsolete English word, still found in the seventeenth cen- 
tury, and preserved by the Americans, to happify. But such formations 
constitute the very extreme limit of formative power, and they even appear 
on the whole as anomalies. The inverse formation of English words out of 
Latin roots and Germanic affirmatives is much more extensive, such a 
common-er, common-est; and this is a consequence of the principle, that the 
formative grammatical element works itself into a new, although not quite 
congenial matter, not the intruding lexicographic element into the , 
tical. The old Saxon form is thus much more easily adapted to French acd 
Latin verbs or nouns, than a formative syllable of the French or Latin idiom 
combined with the Saxon root. New prepositions and conjunctions have 
been formed; none of which are Latin, all are German (as, by way of) 0: 


hybrid (as, “on account of”). As in the Romanic, they are compounded in 


order to replace forms which have either become obsolete, or are no longer 
sufficiently expressive or intelligible, owing to the primary principle or spirt 
of the formation having become weakened and obscured. But the power of 
composition inherent in all Teutonic languages is almost entirely paralysed, 
and the organic forms of inflexion remain only in isolated fragments. 

It follows from the same principle that colonization also may produce such 
a crisis, as is necessary for the formation of a new language. But here 2 
more accurate distinction must be drawn. A part of the nation, settling in 
a more or less organized state, with more or less intellectual means and re- 
sources, in a foreign country, isolated from the mother-country, will neces- 
sarily in process of time differ in language from the native stock. It is evi- 
dent that the formation of the colonial language has a new fixed point in the 
emigration and immigration, and may therefore follow a very different 
course from that of the mother-country. Peaceable and intelligent colo 
nists, settled in a new country under prosperous circumstances, will preserve 
the ancient idiom with great pertinacity. The separation acts as an artif- 
cial interruption of the flow of language, while the inhabitants of the mother- 
country become subject perhaps to violent changes, introduced by foreign 
elements, or move on in the natural course of development, as the Frank 
language did in Germany, from Otfried to Goethe. 

f this class we have a most instructive instance, within the domain of 
the German language, in the Icelandic, which is the old Norse tongue trant 
planted into that northern island by the emigration of many noble families 
unable longer to endure the tyranny of King Harald Harfagr (Fairhair). 
That event took place in the year 875. Since that period therefore, during 
the lapse of almost a thousand years, the intellectuality of the Teutonic stock, 
and the energy of the Norman race, have maintained in the midst of snow 
and ice the sacred fire of the Muses. The most ancient document of Ice 
landic literature is still heathenish,—I mean the poetical dda, or the songs 
of Odin, and Helge and Sigurd, and of all the gods and heroes of our com- 
mon forefathers. The clearest proof that the language of these songs repre- 
sents simply the old Norse is, that the law book of 1128 exhibits already & 
decidedly impoverished system of inflexions, whereas in the Edda we find thst 
richness and completeness of forms, which places the old Icelandic on the 
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same level with the Gothic of the fourth century. Again, if we compare that 
work with the remarkable historical compositions of the historian Snorro 
Sturleson, of the thirteenth century, and with the writings of the last cen- 
turies, we find in rapid progress the gradual extinction above referred to of 
the grammatical forms of the language. Still, if from the Icelandic of this 
day we look back to its native country, we find among the descendants of 
the same atock two modern idioms formed out of the old Norse, the Swedish 
and Danish, neither intelligible to the other without some practice, and each 
as unintelligible to the Icelander, as his tongue, and still more his Edda, is, 
and has been for the last four hundred years at least, to the Dane and 
Swede; whereas the Icelander of 1840 can understand with a little practice 
the Norse of more than a thousand years ago. Thus their evulsion from 
the stem, and their subsequent isolation, preserved among the Icelanders 
the ancient heirloom of their fathers so long and so successfully, that the 
colonial language and that of the mother-country became for ever distinct, 
the first being even now scarcely anything but the language of Scandinavia, 
suddenly fixed in the ninth century, and since that time shorn only of some 
of its luxuriant forms. We have already observed that every new language 
is produced by what we have called the secondary formation. Such a secon- 
dary formation is scarcely traceable in Icelandic, while it is much more visi- 
ble in the Swedish and Danish. In the new Icelandic we can only quote the 
formations of new abstract words; all other differences consist simply in 
the loss of ancient forms. As to the old Icelandic, a comparison with the 
Gothic and some isolated formations of a very primitive nature show that 
the new formation by which the Scandinavian branch obtained a distinct 
character, was equally marked as well by loss of forms as by the prominent 
working out of elements which in the old united stock were less developed, 
but stood there by the side of collateral forme dropped in the Scandinavian. — 
The old Norse article hinn, hinna, hit, has been supplanted by the new 
Scandinavian article, and has transformed itself into a suffix appended to 
the noun, It has lost cunsequently its whole declension, and of the three 
genders of the ancient article one, two have survived in that suffix; one 
common for masculine and feminine, and one for the neuter. 

The Dutch itself, which is nothing but a scion of the great Saxon or Low 
German dialect, individualized and fixed by the national separation and in- 
dependence, has changed less than that dialect has done in the mother- 
country. Finally, the same case occurs in the Anglo-Saxon. The idiom of 
the Anglo-Saxon remains of the ninth century is decidedly impoverished in 
forms and inflexions, if compared with the anterior state of the language, re- 
presented by the Gothio of Ulphilas, which must be considered as collateral 
with that which the Saxons, Hengist and Horsa, brought with them from 
Germany. But it is no less decidedly nearer to that preceding period than 
the documents of the Saxon dialect in German allow us to suppose this to 
have been at the same period. Finally, according to good authorities, the 
English of the sixteenth century has become fixed in some English colonies 
of that time, e.g. as to pronunciation; and in the same manner the French in 
Canada seema the language of Louis XIV. Before three centuries elapse a 
new instance will be supplied by the difference between the English of Ame- 
nica and that of Europe. To the critical observer this difference is alread 
very marked in the retention of forms and pronunciations of the seventeen 
century, and by new Americanisms in formation and signification. The 

merican is in phraseology more open to European influences than the in- 
sular English of the mother country. 

We have therefore undoubted instances of the fact, that a colonial trans- 
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plantation of a language may put a stop to the continuous flow of its develop- 
ment, and preserve the ancient form of speech more fully than in the mother 
country. But all the cases which we can quote of this description, are takes 
from the same family of languages, one which, in its most ancient form, pre- 
sents itself in a state of complete development, as compared with others. 

Besides, all those secondary formations were the work of rising nations 
In those processes a considerable decomposition of the old element necessariy 
preceded the new formation; but there was also a new impulse, a growing 
life. A widely different effect must of course be produced upon the language 
of acolony, if the emigrant or expelled population sinks from a relatively 
superior and growing intellectual and physical station to a lower. The nev 
society may then gradually fall into a very different state of existence, either 
through the inclemency of the climate, extreme cold or extreme heat, or from 
other, perhaps concomitant, unfavourable circumstances, such as the pers- 
cution and enmity of more powerful tribes. Now every lasting contraction 
of the mind must produce a corresponding reduction of the means of expre- 
sion. Thus the present Laplanders, a Finnic population, having been drives 
by the Swedes in the twelfth and thirteenth centuries out of their native 
land, and pressed more and more towards the polar regions, have a language 
much impoverished and disorganized, as compared with their Finnic brethra 
in Finland. There seems to have been no positive secondary formane 
among the Laplanders: they have lost many forms and words; but on th 
other side, they have also preserved with colonial tenacity, and as it wee 
pious anxiety, many ancient forms (such as the dual of the pronouss), 
which has been lost by the Finlanders. Swedish words have been introduced 
by Christianity, evidently because the native expressions had become ob» 
lete; for the Finns express the same ideas by native words. When ve 
consider what would have become of the Laplanders, if Christianity bad 
not upheld them, and if the translation of the Bible had not fixed aol 
preserved their language, we shall not be very much surprised by the fac, 
that the idiom of the degraded Bushmen (whom Linnzus identified with the 
Orang-utang), cruelly hunted by Hottentots and Kafres, can be traced to & 
a corrupt Hottentot language, and that the Hottentot language itself is oly 
a degraded dialect of the noble language of Sechuéna and other branches of 
the Kafre tribes, the oppressors of the Hottentots. 

We must therefore distinguish the phenomena of rising and sinking |s0- 
guages. Finally, we must acknowledge the possibility of a new formation, 
as the consequence of emigration. A language in a state of incipient deve- 
lopment, if transplanted by that great cause of the formation of nations am 
languages, perhaps of races, emigration into a totally new stage of existence, 
may shoot out into a luxuriant new formation, which in process of time may 
almost entirely overgrow the primary one, and destroy all vestiges of the a 
cient roots. It will then require a very complete knowledge of the new idioms 
and of the history of their development, to discover the primitive roots o 
the ancient stock. Perhaps a new method may be found to supply this wast 
by the evidence of analogy of structure. But in our present stage of inquity 
we can only establish such a possibility, not define the condition and natar 
of such formations, and the method of analysis which they require. | 

The Egyptian language however brings us some steps nearer to this in- 
portant point. Egypt must be a eolony from the undivided Asiatic stock; | 
for its language is much less developed than the Semitic and Sanacritic, and | 
yet admits the principle of those inflexions and radical formations, which we 
find developed, sometimes in one, sometimes in the other of those great familie. 
As both the Asiatic tongues in their individualized form are much more ai- 
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vanced than the Egyptian, this language points necessaril 
Asiatic formation, since extinct in its native country, just 
points to the old Norse of Scandinavia. 

The Egyptian language is also interesting, as illustrative generally of an- 
other phenomenon, which we traced through more modern formations; I 
mean the nature of the secondary Egyptian formation exhibited by the 
Coptic. In order to obtain a clear view of this formation, we must first 
deduct all the words taken from the Greek. As to this admixture, we meet 
with an entirely new phenomenon: the Coptic has not only adopted single 
nouns and verbs, living roots, but also particies, especially conjunctions in 
the proper sense, such as the Greek adda, bute. This forms no exception to 
the rule above deduced from that striking phenomenon in the Romanic and 
Germanic languages, that foreign particles are as little apt to expel native 
ones as in general foreign grammatical forms to supplant the native ; for the 
Egyptian language never had discriminating particles. In translations there- 
fore from the Greek, the Copts were obliged to adopt the Greek conjunc- 
tions, for the same reason for which they took the word Aads, nation ; for, 
owing to provincialism, Pharaohs, and priests, the idea of a nation had never 
been developed even into a word among the Egyptian race. 

The other secondary formations are also in entire conformity with those by 
which the modern tongues of Southern Europe, as well as of Germany and 
Scandinavia, were produced. We have marked some of these phenomena 
already in the first volume of ‘ Egypt ;’ such as the change of the appended 
feminine sign of the old Egyptian ¢, (the remnant of ¢a, the original pronoun 
of the second person, preserved in an-fa, thou,) into a female article ¢ or &, 
e. g. t-mes, the mother, instead of mu-t. To this class belong also the forma- 
tions of the definite and indefinite articles in Coptic. The first (pé or pe, | 
masc. ; & or te, fem. ; ni, n, nen, pl.) is an evident remnant of the pronominal 
formations, exactly as the Greek article and the masculine and feminine ter- 
mination in the two first declensions are. The indefinite article («) in the 
singular is, like the German and Romanic, an abbreviation of the numeral for 
one (ua): the plural (han) has its full substantial root in ancient Egyptian. 
The plural of a noun substantive has a termination only by exception; but 
instead of the # of the ancient language we find different decompositions of 
this long vowel, together with other forms, not at all discernible in the ancient 

guage. One of them is the prolongation of the vowel of the root; an in- 
ward formation, so frequent in the Semitic, and analogous to the German 
Umlaut in Vater, the plural of Vater. Thus uhor means a dog; uhér, dogs ; 
aho, atreasure ; ahudr, treasures; b6h, a servant; ebiaik, servants. A com- 


plete pseudo-declension is formed by prepositions connected with pronominal 
roots, thus :— 


Nom. adje, or m or n 
Gen. ate ”» 9 


D at. 33 99 99 
Ace. ,, ” 
Abl. ,, » 


In a similar mechanical mode the deficiency of forms in the ancient Egyptian 
for the comparative and superlative degree is supplied, and the derivative 
Pronouns are formed. The most striking change in these formations is the 
Coptic phrase p.ek.si, 6 cov vids (corresponding to the old Egyptian pai. k. si); 
but the Coptic has lost the simpler ancient form of si.k, viés cov. The same 
principle pervades the Coptic conjugation. It differs from the Egyptian as 
much in the lose of some very simple ancient modes four indicating the in- 
flexion of the verb, as in the employment of a great number of auxiliary 
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verbs, for supplying an evident defect by new formations. These auxiuy 
verbs unite with the personal pronouns, and thus form a very periphrasic 
mode of distinguishing moods and tenses. The negative particles do th 
same; and the Coptic has a complete periphrastic negative conjugation, 
of which there is not the slightest trace in the old Egyptian. The old 
language seems to me to preserve the indubitable germs of two much mor 
organic and higher forms. It shows a germ first of what I beg to al 
the Semitic conjugation, by which term I designate the modification of the 
predicate contained in each adjective verb, and even of the Sanseritic conjt- 
gation, which is intended to mark the modifications of which the copals 3 
capable, according to time and mode of existence. Now the developmen 
of those germs in the Coptic is not organic, as we find it in Hebrew and it 
Sanscrit, but on the contrary effected by a purely mechanical process. Th 
change is no real development. Thus the verb ére or éhre, uniting itsd/ 
with the pronominal affixes, makes a verb causative, as the Hebrew Hipbil 
oes. : 

The ancient Egyptian had incontestably the germs of the compositios 
words to express, by the union of two, a third, more abstract or ideal notion. 
for which the language had no simple expression. Such an union original 
took place by juxtaposition, later by means of the preposition n'. Coptic for- 
mations, like mi-n-hdéd, water of moisture, viz. rain, or d6m-A-ket, to consunt 
the heart, viz. repent, are analogous to the ancient language, but much mor 
frequent. In many cases the original simple expressions may have become 
obsolete by having become unintelligible. Besides, there must have been it 
progress of time an increased consciousness of intellectual modes of existenc: 
and this consciousness called forth necessarily new formations in the Copu 
But such formations are all conglomerations or agglutinations of words, 3 
compositions. The component parts exercise no influence one over th 
- other; no change is produced in the root by placing before or after #3 
modifying word or particle; but the ancient Egyptian language exhib 
such an attraction. The Egyptian root is not the unalterable particle 
rather sentence-word, of the Chinese, and, in composition, of the 
Coptic. Air, Horus, becomes in composition Ar, hér. Here a decided « 
sibility of the root is perceptible: it is affected by the substantive which {0 
lows it, and with which it is united. This is the same sign of life which 
substantive shows in the Hebrew status constructus, when followed by anothe 
substantive with which it is connected, by what we call the relation of t 
genitive case: as idm, a lake; idm (or i6m) Kineret, the lake of Gennes; 
shandh, a year; shndt-adondi, the year of the Lord. All Coptic abstr 
and derivative nouns are formed by mechanical processes or mere juxtapo* 
tion: in order to make from skhépi, to inhabit, a word for habitation, the 
must say, a place to inhabit, md4-‘-skhépt. Thus hap is judgement, sash. 
a place of judgement, tribunal. In a similar way they form out of & 
honour ; matfato, ambitious; literally, loving honour. There is no povel 
manifested by one word over the other, as in g:AdvOpwwos, or miseniomt 
or barmherzig. It is a mere mechanical agglomeration of the two wor’ 
connected by a preposition and having one accent. Much leas of coun’ 
this the case in hybrid words; for the Greek nouns used by the Copts bat 
neither case nor number. Rem (native), with the preposition ‘ or »; b 

refixed to a simple noun, form derivative adjectives ; pe, heaven; re? 
heavenly. Ref (probably from ra, to make, with the nominal formative), the 
maker, is used in order to form a verb or substantive denoting him who ex 
cises the function, or causes the action expressed by the verb, as naw, to #: 


refnad, an inspector ; ref-mitz, qui affert mortem, the killer. The in 
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of the article makes such formations still more clumsy, as, in order to express 
rision, they say saptnat,, actio (rov) videre. 

Those who understand the principle of the formation of words in the Semitic 
ind Indo-Germanic languages, will immediately perceive that the first have 
ome, and the latter an inexhaustible abundance of terminations, variously 
iffecting the root, and indicating all the shades of the different modes of ex- 
stence and action, which the Coptic expresses very incompletely and clumsily 
oy mere agglomeration. The decomposing principle which we observed in 
the formation of the new Romanic words, especially the particles, prevails 
hroughout in the Coptic. But it acted differently, because the Latin was 
1 developed, perfect, inflexional language; the ancient Egyptian was a form 
of speech only just emerging from the monosyllabic state and the absolute 
solation of words. 

The intrusion of foreign elements, from the time of Alexander, helped to 
destroy what there was of organic power in the Egyptian language; but 
it was not the original cause of that destruction. It was the effect of the 
slowness of the Egyptian mind, which had long been mummified, acting upon 
, material repugnant to development, and stereotyped by colonization, by the 
hieroglyphic system of writing, and by a complete system of priestcraft, re- 
ligious tradition, and Pharaonic despotism. This slow action upon an almost 
impenetrable material produced, for the uses of common life, a secondary 
formation, the country-tongue, written in the less idiographic, demotic or 
enchorial character. This secondary formation is of the same kind as the 
secondary formation of later languages; in degree it differs less: there is 
also less of the destruction of forms, because only a germ of forms existed 
ultogether in the Egyptian language. 

It follows from the same circumstance, that there can be, in the ordinary 
bense of the word, no secondary formation in the modern Chinese, of the 
modern and familiar style, as compared with the old style. The modern 
ttyle indulges in the use of words which correspond to the expletive particles 
and conjunctions of our languages: but it must not be overlooked, that, even 
in modern Chinese, these sounds still represent nouns or verbs, or full rots, 
according to the expressive terminology of the Chinese grammarians. Strictly 
speaking, there are no exclusively grammatical words or forms in the modern 
Chinese any more than in the old; the roots may in most cases lose their 
meaning, when indicating what our particles and connections express, but not 
their formation. ‘The rvot remains what it is, incapable of change: it loses 
heither quantity nor accent. It is merely used as a conventional expression 
for what the ancient language did not express at all. Not a step is made 
towards the use of affixes or suffixes, much less towards inflexions. 

The Chinese language, with some similiar structures in Eastern Asia, forms, 
as Wilhelm von Humboldt has been the first to establish in all its extent, a 
contrast to all other languages, not eo much by any defect, or from the external 
fact of its being monosyllabic, as by its totally opposite view of the means of 
attaining the end of all language. This end is the construction of a sentence, 
the expression of a logical proposition by a subject, predicate, and copula, 
with all their dependencies. ' 

All other languages not only express more or leas perfectly, the component 
parts of a sentence, but have also words deputed solely for that purpose 
(particles), or inflexions, destined to bring audibly before the hearer the mu- 
tual relations of nouns and verbs to each other. Besides, all other languages 
have more or less distinct forms for those different component parts of a sen- 
tence ; as the noun for the subject, the verb for the predicate, and generally 
also for the copula. The old Chinese has no such tendency whatever; and 
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nobody will ever understand its nature and do justice to its incomparable per- 
fection, if he applies to it the forms and categories of the grammars of ti 
rest of the world. As Humboldt says, the other languages have an etymob- 
gical and a syntactic part, but the Chinese has only a syntactic one; and ths 
Chinese syntax may be comprehended under two rules : that the determinatir 
precedes the word determined, and that the object follows the word on whieh 
it depends. All other syntactic rules, even those which appear as exception, 
can be explained from these two simple principles. Thus positon alone poits 
out the verb in a sentence: what precedes it next is either its own determin: 
tive (adverb), or the subject, which may equally be preceded by its deter- 
minative, the relation of genitive in particular. Finally, every one of the« 
words is like the other: not only are all monosyllables, that is to say, har 
an accent of their own, which separates them from the preceding or followin: 
syllable or particle ; but, moreover, every one of these monosyllabic work 
may be interpreted as a verb, or substantive, or adjective, or as a grammaticz 
particle,—an empty word, as the Chinese grammarians say. The differen 
of tone or accent by which that word is to be pronounced,—and every ove 
may have four, and on an average has three accents,—is an accessory 
help to find out in what sense it is to be taken in a given position. If: 
word changes from its original verbal sense into a nominal, or rice vers, 
it changes its accent*. Thus, what other languages effect by affixes o 
inflexions, the Chinese indicates by two means, quite distinct from the form- 
tien of the word; by the architectonical arrangement of words, and by a m- 
sical change in the pronunciation. Add to this, that the Chinese language hw 
only 450 syllable-words, which by the variation of the accent become 128, 
and you will agree with me, that, if the Chinese is considered as a structure 
like ours, and all other languages, it would be the most imperfect. So indeed 
it is,’ as speech, for practical purposes; for in spite of accents, position, as 
traditional tact, no Chinese would understand the spoken language, still les 
the old one, which very seldom uses grammatical particles, without the he} 
of repetitions, expletives, pauses, and finally of gestures, which all are necer 
sary to supply, to a certain degree, what in writing is effected by innumerabe 
ideographic, now wholly conventional, signs, which constitute a sort of generil 
or pasigraphic system of writing, destined, not to express the sound, but 
help to guess the meaning of the word. It can be proved that this system 
of writing was originally figurative, as the ideographic part of the Egypti 
is: and indeed, if we understand the nature of the oldest form of language. 
it must have been so. But we venture to say, that not only is the preset 
system of Chinese writing the wreck of a still more peculiar and primitive 
form, but the spoken language also. 

The Chinese formation is in its principle, as this is visibly enough preserved 
in the old style, among languages, what the inorganic formations are in th 
kingdoms of nature. Its component parts are not organically articulated 
words as parts of speech, but crystals of thought, employed architectonical 
in building up a sentence, which is made more intelligible by musical esur- 
ciation. Accent and position give each crystal a more or less prominent pat 
in this symmetric arrangement; but each is in itself a complete, though 14 
an explicit, sentence, whether appearing more as a noun or as a verb. Ths 
every word has in itself a fullness of life and value, of which it can only & 
deprived, by making the substance, quality, existence or action, all which lx 
enshrined in it, merely the sign or symbol of determination or of relation 
another word, that is to say, to another substance, quality, existence or activs. 
or to the whole sentence. According to the Chinese formation, every worl! 


* Hamboldt, Lettre, p. 24, and Rémusat’s note (4) to it. 


ON ETHNOLOGY. 285 


for syllable) is an undeveloped sentence; or, if we follow out the analogy 
with nature (which to us-is by no means a mere metaphor), we may say, 
avery word spoken in a sentence is a magnetized mineral, forming itself with- 
out any outward change into polarity (the nominal and the verbal pole), 
and thus having for its centre, as the indifferential point between the two, 
the adjective-participle quality. Position, assisted by accent, elicits the pola- 
rity required, or reduces the word to its indifferential point. Suppose the 
creative human mind absorbed in this first formative process of speech, and 
you will allow that it must shrink, during the power of that process over 
the mind, from the notion of having its produce treated as an imperfect plant 
or a maimed animal formation. Only by decay does such a language ac- 
quire a superficial and deceptive likeness to the formations of our languages. 
It is intrinsically the very opposite of them. It has a life of its own, capable 
of manifold development and endless variety ; and it cannot receive an essen- 
tially different one without ceasing to exist, just as a plant may grow on 
soil formed by the calcined mineral, but the mineral can never develop itself 
into a plant. 

Now, if we consider that almost half of mankind speak in tongues of this 
nature, you will agree with me that it is worth while to consider well its 
original and peculiar character, before we pronounce for or against the 
genealogical unity of the human race. 

I believe you’ will also agree with me, that, in order to see whether a 
method can be proposed for finding out the probability, and gradually the 
certainty, of the one or the other solution of our great problem, we must 
enter into a philosophical consideration of language itself in general. 
Philosophical considerations on the origin of Languages, and the principle of 

development in them. 

The theories about the origin of language have followed those about the 
origin of thought, and have shared their fate. The materialists have never 
been able to show the possibility of the first step. They attempt to veil 
their inability by the easy, but fruitless assumption of an infinite space of 
time, destined to explain the gradual development of animals into men; as 
if millions of years could supply the want of the agent necessary for the first 
movement, for the first step in the line of progress! No numbers can effect a 
logical impossibility. How indeed could reason spring out of a state which 
is destitute of reason? How can speech, the expression of thought, develop 
itself, in a year or in millions of years, out of unarticulated sounds, which 
express feelings of pleasure, pain, and appetite? Animal sounds are the 
echoes of blind instincts within, or of the phenomena of the outward world, 
uttered by suffering or satisfied animal nature, and in all cases resulting from 
Mere passiveness. The common sense of mankind will therefore always shrink 
from such theories. So did the mind of Frederic the Great, in his memorable 
answer to d'Alembert and his school. He protested against what he calls the 

mortale, which that school wanted him to make, from a monkey to 
man, from reasonlessness to reason. In our times nobody has expressed 
himself more strongly against such a materialist explanation of language 
than the greatest and most acute anatomizer of almost all human tongues, 
Wilhelm von Humboldt, in his admirable Letter to Abel Rémusat on the 
nature of grammatical forms in general, and on the genius of the Chinese 
language in particular*, a letter which contains all the germs of his posthu- 

* Lettre aM. Abel Rémusat sur la nature des formes grammaticales en général, et sur la 


génie de Ja langue chinoise en particulier, par M. G. de Humboldt. Paris, 1827, 8vo. M. Abel 
Remusat, who published himself this letter, has added his valuable remarks as to the points 
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mous German work, and therefore is an almost indispensable introduction & 
the study and understanding of that gigantic concentration of learning md 
reflection. As to the general speculative grounds for such a view, in oppos- 
tion to the materialist theories of French and English philosophers of te 
earlier part of the eighteenth century, they have been established most «- 
curately by Kant, and developed by his illustrious successors. To reproduce 
Monboddo's theory in our days, after Kant and his followers, is a sorry ani- 
chronism ; and I therefore regret that so low a view should have been tales 
of the subject lately, in an English work of much correct and comprehensive 
reflection and research respecting natural science. I deplore that a man of 
so much thought should have been carried away by & narrow philosophical 
theory, and perhaps besides by a violent reaction against dead dogmatism 
and formalism. But its counterpart, the spiritualist system of philosophy, 
has not been able either to give a totally satisfactory explanation of the 
phenomena, and in particular of the origin of language, and therefore has not 
been able to drive the other theory from the field ; for as the one cannot take 
the step from matter to thought, so the other cannot take that from thought 
to matter. Absolute spiritualism contradicts nature, as materialism cootr- 
dicts mind: it bas reality and history aguinst it as much as its opposite. Ac- 
cording to its one-sided notions all development in language descends {rom 
the height of consciousness to a state of decline. It justly disclaims th 
savage as the prototype of natural, original man ; for linguistic inquiry shows 
that the languages of savages are degraded, decaying fragments of noble 
formations. The language of the Bushman, as we have observed before, 4 
degraded Hottentot language, and this language is likely to be only a de 
pravation of the noble Kafre tongue. But, on the other side, when that 
school pretends, as Frederic Schlegel does, that in the noblest languages 
those of organic structure, as he calls them, the spiritual and abstract signif- 
cation of roots is the original, such an assumption is contradicted by the 
history of every language of the.world. Nay, his whole distinction betwee 
organic and atomistic languages is decidedly unhistorical. The Africa 
languages in particular protest against such an unholy divorce in the hums 
race. As to ourselves, we believe with Kant, that the formation of ideas o 
notions, embodied in words, presupposes the action of the senses, and the 
on which his opinion had differed or still differed with the views developed by Hamboldt 
We shall quote here two passages. P. 55. Speaking of the origin of the most perfect st 
guages, the author says,—“ Je ne crois pas qu'il faille supposer ches les nations auxquelies @ 
est redevable de ces langues admirables des facultés plus qu’humaines, ou admettre quella 
n’ont point suivi la marche progressive, a laquelle les nations sont assujetties: mais je 
pénétré de la conviction, qu’il ne faut pas méconnaitre cette force vraiment divine que recelet 
les facultés humaines, ce génie créateur des nations, surtout dans l'état primitif od toutes |e 
idées et méme les facultés de l’Ame empruntent une force plus vive de la nouveauté des 
pressions, od l’homme peut preasentir des combinaisons auxquelles il ne serait jamais amr 
par la marche lente et progressive de l’expérience. Ce génie créateur peut franchir 6 
limites qui semblent préscrites au reste des mortels, et s'il est impossible de retracer sa mat! 
sa présence vivifiante n'est pas moins manifeste. Plut6ét que de renoncer, dans l'explics0™ 
de l’origine des langues, a l’influence de cette cause puissante et prémiére, et de leur amigue 
& toutes une marche uniforme et mécanique qui les trainerait pas-a-pas depuis le comment 
ment ie plus grossier jusqu’a leur perfectionnement, j’embrasserais l'opinion de ceux 
rapportent l’origine des langues & une révélation immédiate de la Divinité. Hs reconnoiste?! 
au moins |’étincelle divine qui luit a travers tous les idiomes, méme les plus imparfaits ¢! 
moins cultivés.” 

In p. 71, when refuting the notion that the Chinese language represents the babbling # 
children, he has these remarkable worda:—“ Des nations peuvent se trouver a different 
époques des progrés de leurs langues par rapport a cet accroissement, mais jamais par rpP™ 
au développement primitif. Une nation ne peut jamais, pas méme pendant l'age d'une 
génération, conserver ce qu'on nomme ie parler enfantin. Or ce qu’on veut appliquet 4 
langue chincise tient précisément a ce parler, et au prémier développement du langage” 
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impression made by outward objects on the mind, as much as the formative 
power of the reacting mind. It is the mind which creates and forms; but 
this power of the mind is one reacting only upon impressions received from 
the world without. We believe Leibnitz perfectly right in his great saying 
against Locke: ‘“ Nihil est in intellectu quod non ante fuerit in sensu, nisi 
ipse intellectus.” We are moreover convinced that the power of the mind 
which enables us to see the genus in the individual, the whole in the many, 
and to form a word by connecting a subject with a predicate, is the same 
which leads man to find God in the universe, and the universe in God. Lan- 
guage and religion are the two poles of our consciousness, mutually presup- 
posing each other. The one is directed to the changing phenomena of the 
world, in the conviction of their unity, the other to the unchangeable, 
absolute One, with the subsumption of all that is changeable and relative 
under him. But we are not now to enter into these higher spheres of spe- 
culation; we have here to deal with the origin and the principle of the pro- 
gress of speech, and to show that the primeval facts of language, and all those 
phenomena which we have examined iu the preceding section, are not only 
explained by our assumption, but proved to flow of necessity from a simple 
and constant law. 

Now we found, that the further we go in the examination of the most 
ancient formations, the more we perceive that every sound had originally 
a meaning, and every unity of sounds (every syllable) answered to a unity 
of object in the outward world for the world of the mind. We found this to 
be the character of the Chinese language. We again found, begianing with 
the latest formations, that inflexions, apparently mere modifications of the 
sound of a wurd, were in most cases reducible to prepositions or postposi- 
tions, and these again and all particles to full roots, or nouns and verbs. We 
found that every word had first a substantial object in the outward world, 
and received only in process of time an application to the inward. 

In order to arrive at the law which we are endeavouring to find, let us 
first assume, as Geology does, that the same principles which we see 
working in the development, were also at work at the very beginning, 
modified in degree and in form, but essentially the same in kind. We leave 
it here quite undecided, whether there was one beginning, or whether there 
were many beginuings of speech,—whether one only of the great families of 
mankind began the work from the first elements of speech, and handed it 
over to others who successively developed it, or whether there are many 
beginnings, each tribe forming its owa materials of speech, and developing 
them more or less, according to their peculiar nature and history. If 
we adopt this latter supposition, we shall find ourselves obliged to assume 
that the starting-point of all has been essentially the same, only that the 
materials employed have been quite distinct from the beginning. Different 
families of languages will then, according to this system, represent at the 
utmost only different stages in lines of parallel development. According to 
the first supposition, on the contrary, they all, with the exception of one, 
must have found something of speech, and materials, more or less, already 
stamped and fixed, which they had to work upon, when entering into the 
critical process of their nascent nationality. 

y second general assumption is this. The supreme law of progress in 
language shows itself to be the progress from the substantial isolated 
Word, as an undeveloped expression of a whole sentence, towards such a 
construction of language as makes every single word subservient to the 
general idea of a sentence, and shapes, modifies and dissolves it accordingly. 
Language is the produce of inward necessity, not of an arbitrary or oon- 
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ventional arrangement; consequently, every sound must originally have 
been significative of something. The unity of sound (the syllable, pare or 
consonantized ) must therefore originally have corresponded to a unity of coa- 
scious plastic thought; and every thought must have had a real or substantial 
object of perception. The mind cannot conceive existence except in thinn 
existing ; and on the other hand, every distinct notion of a thing presupposs 
its existence. Thus every object of perception appears necessarily to th 
mind as a thing placed under the category of qualitative existence, existence 
being the necessary attribute of everything contemplated by the mind. 
Now the noun is the expression of a thing existing. The substantive now 
is the existing thing, denominated according to that quality of the object 
which strikes the mind, when reacting upon the impression received from it 
through the senses. The noun-adjective in general is the quality of a 
existing thing, considered as separate from it. Or, we may say, what ws 
suggested to us by the nature of Chinese words, the substantive and te 
verb represent the two opposite poles of the originally undivided notion; 
the adjective is the indifferential point between the two poles, presenting 
itself towards the nominal pole as an adjective, towards the verbal as a par 
ticiple. But the original substantial word must represent the unity of thee 
differences, by being a substantive, or verb, or adjective, according to its us. 
indicated by its tone and position in the sentence. No substantive-noun ca 
originate without the working of that which is expressed by the adjectire, 
the specific quality or property of the thing contemplated. Quality there 
fore is only a term for a mode of existence, that is to say, for a mode of thst 
of which the verb is the abstract expression. Every act of word-formny 
presupposes therefore the unity of these three fundamental parts of spect 
That is to say, every single word implies necessarily a complete proposition. 
consisting of subject, predicate and copula. Such indeed we found tok 
the case in Chinese. 

If thus the very beginning of speech is impossible without the creative 
power of the mind reacting upon the impression of the senses, the origin 
expression of thought is entirely substantial. Nothing but a substance ¥ 
expressed, although no substance can ever be expressed without the idal 
power of the mind which stamps it. The action of the contemplating nisl 
itself, the copula, as it is called in logic, the affirmation or negation which 
connects a subject and predicate, a noun and a verb, substantive and at 
jective, will least of all have originally an abstract expression. Indeed, the 
negation of a sentence (which sentence may be one word) is most naturally 
expressed by a gesture, added to the expression of some existence or move 
ment. Gestures and accents are the natural commentary upon the sentent® 
forming word. The same is the case with the relations of nouns and verbs 
to space and time, or to any quality or degree. The prepositions and po 
positions, the affixes and suffixes, the declensions and conjugations of ont 
languages, are, in primeval speech, expressed like the copula, by positios 
by accent, declamation, pauses, gestures, finally by the accompanying imag 
of the object. For language, in its primitive substantial state, wants for is 
completion and illustration the writing of the image of things, as much ® 
later languages find a useful commentary in the orthography of words, and 
necessary one in the context of speech. How, for instance, distinguish 
English might and mite, right, wright, write and rite, or u, you, yew, 
or fo, foo, two, unless an unmistakeable synonym be added, or the coutex 
explain it directly? But before as after the invention of image-writing, tt 
musical and the gesticular element are necessary accompaniments of speet)- 

Absolute, unchangeable and unbending substantiality then is the charac 
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f the primitive language, if, as we must suppose, it is not a conventional 
rbitrary expression of the mind, but the produce of instinctive necessity. 
lat it is equally true, that the ideal principle, or the action of the mind, 
hich produced language by a spontaneous repercussion of the perception 
ceived, must not be considered as ever resting or ceasing, but, on the con- 
ary, a8 being continually working upon the language. If substantiality is 
le principle of existence in a language, ideality is as essentially its principle 
[ development or evolution. Language has in itself, by the very nature of 
e principle of its origin, a principle of development. The mind which forms 
language changes it also. It starts from sentence-forming words, and tends 
' break their absolute isolating nature, by making them subservient to the 
hole of a developed sentence, and changing them into parts of speech ; and 
is it can only do by gradually using full ancient roots for the expression of 
l that is formal in language. The same principle which works upon those 
nguages, the formation of which we can investigate, must therefore have 
‘en working upon the most ancient language of mankind. What we found 
a prominent phenomenon is the necessary effect of a general law, of that 
v without which there would be no language. What exists in thought 
ust gradually find its positive expression in language. 
Language therefore is driven by this incessant action of the mind to ex- 
ess what is not substantial,—that ideal conception by which men connected 
im the beginning of all speech (yea before it) things with existence and 
ngs with things. But it cannot express these ideal connexions except by 
ing the substantial materials it possesses. The substantial words become 
the mind what the things themselves were &t the beginning of speech, — 
> objects of its action. 
The affirmation or negation of the connexion between a subject and predi- 
e, and the accidental relations as to space and time, certainly claim now 
explicit expression: so too do the internal necessary relations of nouns 
I verbs in general. All these must gradually be expressed ; and this can 
y be done by words originally coined for things substantial. This is the 
gin of personal pronouns (the consciousness of self and its antithesis, which 
a great abstraction), of other pronouns, of prepositions, lastly, of con- 
ctions, or words expressing the relation of whole sentences to each other, 
prepositions do the relation of nouns with nouns or with verbs. The 
tds thus divested of their substantial meaning, lose their substantiality, in 
proper sense of the term. 
This step coincides necessarily with the division between syllables and 
tds, and precedes the origin of affixes and inflexions. 
“very really primitive language (if there are more than one) must there- 
> have begun, as we find that the Chinese and all monosyllabic languages 
lly did begin. Perhaps we may also find the necessary steps of deve- 
ment, from such a beginning to the perfection of formative languages. 
latever they are, there is above all one step which forms the paramount di- 
ction between the languages of mankind ; that in which all the component 
ls of a sentence are themselves signs of an undeveloped sentence, and in- 
able uf modification according to their specific meaning in a given sentence, 
that in which the form of words has been made subservient to this sense. 
5 difference is that between languages with unorganic and with organic 
ds. Within the first unorganic structure, and therefore in the rigidly mono- 
abic state, we can again establish that there must be one considerable and 
essary step, which is that from simple roots or syllables to compound ones. 
> simplest roots must consist either of a vowel alone (pure syllables in the 
Be sense )orof a consonant, having its inherent vowel either before or after 
47. U 
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it. Syllables, beginning and ending with a vowel, and having besides a cons- 
nant between them, are already to be suspected of contraction, unless the cor 
sonant be a servile one, as the liquids and the sibilating sounds generally are. 
Indeed this difference between the degree of substantiality of the consonast 
is a powerful element for the development of words into an organic structure. 
Monosyllables with two substantial consonants are the furthest extreme 
which monosyllabic languages can arrive. This whole reason proceeds upc 
the fundamental assumption, that in languages of this nature (having oaly 
full roots, or sentence-forming words) there is a rational correspondence 
between the unity of perception and of sounds. ‘Two equally strong cu- 
sonants again of the same organ of speech (as two labials, two linguals, ad 
s0 on), may come under the head of asimple increase and light modification of 
the one impression. But syllables with two mute consonants of two differen 
organic ‘classes presuppose a union of two, which requires originally tv 
syllables. 

Other varieties can exist within this dark and almost unexplored sphere. 
by different systems of position and accent ; but the line of progres vil 
always lie in the approach to the breaking up of the character of substacta! 
fulness and isolation of the single words. The only preparation which, ale 
a literature of four thousand years, the Chinese presents for such a chang. 
is the use of some of its unchangeable roots as signs of grammatical relation. 
A nation which formed itself into existence from such a state of the language. 
could as easily make that great step, which leads to affixes and then 
inflexions, as the mummified Chinese is incapable and unwilling to do it It. 
is the feeling of the absolute independence and isolating substantiality of eat? 
word in a sentence, which makes him contemplate such a change as a decided 
decay and barbarism. He expresses daylight by two words signifying & 
actly in the same order day light: but he cannot condescend to subordisat 
the second to the first, by saying (with one accent) day'-light. 

The tendency to compound syllables is also in itself a tendency to such’ 
change. The distinction between words and syllables, by the formation of p> 
lysyllabic words, is the declaration of the entrance into the second gre 
stage, the organic one of the words. Every composition produces or prepa 
decomposition : it presupposes a third thing, uniting two distinct units of per 
ception and thought. One of the things thus united will be in proces 
time subordinated to the other, as the determinative or accessory. A wor 
of more than one syllable is the expression of a compound notion: it cont 
tutes the expression of a higher unit by the subordination of one simp 
notion under another simple one. The former loses the accent; for with! 
unity of accent there is no unity of the word in speech. The Chinese bs 
no real compound words; for in apparent compositions, like day-l¢ 
horse-man, each component word, as we have already observed, preset" 
its own accent, and there is a pause between them. 

If we fix our regard on the second great class of languages, there capt 
no mistake as to which is the last formation, the goal of the whole proces: ! | 
is evidently that of perfect inflexions. We say advisedly, the lest fors* 
tion, not merely the most perfect. No language can have inflexions, whit 
had not formative particles (affixes and suffixes) before: and these sfi1¢ 
themselves must once have been independent particles ; finally, there 
be no particle, which was not originally # substantial word, and primiuve] 
a substantial syllable. | 

This is the result both of our examination of the phenomena of languag® 
aod of our speculative reasoning. The first showed us, that such wat 
case in the languages, the history and formation of which we know. Ji 
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second proved, that this phenomenon results from a general law; and in 
order to arrive at this law, we allowed ourselves no assumption, as far as we 
are aware, except that everything expressed in language, which is the ex- 
pression of reason, must originally have been reasonable, and therefore a 
‘ruth and reality. The question, can a language be supposed to begin 
with inflexions ¢ appears to us to imply an absurdity. But so does the 
first of all questions: why every word must be originally a true and 
idequate expression of the mind? And the examination of the facts 
thows us how that law operates. First, inflexions, as we have seen, resolve 
‘hemselves, whenever we have the means of observing their formation, into 
worn-out prepositions or postpositions: but these again we found, in the 
instances we examined, to have been in an earlier stage substantial words, 
nouns or verbs. We further found, that, when flexions are worn-out, and 
some event brings on a new secondary formation, worn-out flexions call 
forth the formation of a new affix or suffix from the class of particles. 

Thus the line of progreas runs in the direction of an increase in the 
number of words formal, that is to say, of words serving for the formative 
jurposes of the mind. This coincides with the necessary purpose of all or- 
panic language, to constitute and mark all the component parts of a sentence. 
Now it is clear that no word, which has once ceased to be full or substantial, 
can ever become so again: it has lost its substantial, independent life, and its 
distinct substantial signification. It becomes an algebraic sign, and more or 
less unintelligible in itself. The more substantial and independent state is, 
therefore, necessarily the more ancient in any line of development. 

Thus much we can establish by following out the logical process we have 
undertaken to explain. But this method alone cannot bring us further. Logi- 
cally, it is impossible to define the different classes of this second great family 
of languages, otherwise than by establishing that the more the single 
words in a sentence are regarded as unchangeable, and their position in the 
sentence as the sign of the part they represent in it, the nearer such a lan- 
guage must be to the first class. But whether, for instance, the system of 
agglutination or incorporation of the American and the Basque languages is 
& proof of a backwardness in the stage of development, compared with the 
use of affixes, must depend upon concomitant circumstances. It certainly 
will be so, whenever the affix-languages are freer from the symmetric con- 
struction of a sentence, and the isolation of the single words from each other. 

The great fact upon which we insist here, is this: every primitive language 
must be composed of words which are absolutely inorganic, because in this 
way alone the origin and the progress of word-forming, and the origin and 
development of languages can be explained rationally. 


Application of the preceding inquiries to the Problem of the Classification 
of the Egyptian Language and of Languages in general. 

We shall recapitulate briefly the results of the two preceding investigations. 
We have first examined some striking phenomena in the formation and the 
component parts of language, and we have then endeavoured to explain 
them by a general philosophical induction. 

By the first we believe we have established the constancy of the following 
Phenomena. The jirst is, that every language has in itself an element of 
progress, which in a crisis may become the element of death to the old, and 
of life in a new one. The constant action of the mind upon the articulate 
expression of substantiality prevails gradually, but necessarily, over the 
positivences of this substantiality, and makes single words subservient to 
the expression of all that belongs to the mind; of relation, outwardly of time 
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and space, and inwardly of quality, action, direct and indirect, and all the 
other categories of existence ; finally, of the copula, or that act of the mind 
by which a proposition and even a word is formed. 

The second is, that every language extant is born out of the death of 
another. This forms the basis upon which the new formative power works 
or, as it were, the substratum or humus for the new formation. The birth of 
a new language pre-supposes the death of an old one. No language dia 
without a great crisis in the tribe or nation which speaks it. This crisis mar 
be a great physical revolution, or a voluntary change of country by emi- 
gration, or a dissolution of the ancient form of political society by externa 
human force, by invasion, conquest, subjugation. A new language and: 
new nation are so far identical, as a new language cannot originate without 
the dissolution of an ancient nationality. A new nationality certainly may 
rise out of an old one without the creation of a new language, although 
there will always be in the new nationality a cause of a slower and retarded. 
or of quicker and accelerated development of the old language. 

The ¢hird phenomenon is, that every new language consists in itself of at 
Jeast two different elements or formations,—the traditionary old one, and the 
new, the produce of the crisis. We shall call the one the primary for- 
mation, the other the secondary. But this position is equivalent for all lar- 
guages, except the first and second, to this formula: every language has 
necessarily three elements,—the secondary formation, that by which it became 


a new language out of a kindred older one,—the primary formation, or the | 
living roots of that older language,—and finally, the deposit, or that which 


was the primary formation of the same older language. 

Generalizing this fact, we may arrive at an algebraic formula. Calling 
the older language A, all anterior formations z, the new language B, and 
distinguishing in every one of these three formations the two necessary 
component parts as 6 and a; finally, designating the number of successive 
formation of a and 6, by x; we arrive at the following expression :— 


B=)+a+2z 
rn. (a +5). 
Therefore, B=5. (a+5).: 


Fourthly. We found that the principle of secondary formation may be the 
stronger, the less development there is in the basis ; and must be the weaker 
the more that basis was developed. 

Fifthly. That the secondary formation is the weakest where it is stopped 
by a continual influx of an extraneous element. 

Stzthly. The extraneous element will never intrude into the grammar, but 
only into the lexicographic part. 

eventhly. All secondary formations are the less organic, the more violest 
the transition has been from one stage to another. 


Eighthly. Colonization may often preserve the ancient form of the language 


of the mother-country. 

Ninthly. The Chinese language presents a formation entirely contrastit¢ 
with all others hitherto examined; and its peculiarity does not so much cor 
sist in its monosyllabic character, as in the circumstance that each word '- 
presents an implicit sentence, not divided in its component logical parts, 0 


serves therefore, according to its position and accent, sometimes as a su 


stantive or adjective, and sometimes as a verb. 


As to the second, the philosophical inquiry, we found that those phen | 
mena are explained as the manifestations of a general law. According © | 


this, we established the following axioms :— 
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First. The original or primitive language must consist of inorganic 
words, each word presenting a whole undivided sentence, incapable of suf- 
fering any connexion with or modification by the preceding or following 
word. 

. The principle by which a language is produced, the reac- 
tion of the mind upon the impressions of the outward world, is also the prin- 
ciple of its development: consequently every language must either remain 
quite fixed in its inorganic state, or arrive at a more or less perfect organic 
state. 

Thirdly. This organic formation has as its aim and goal the languages 
with inflexions, the system we find harmoniously developed in Sanscrit and 
Greek, and the cognate languages. 

Fourthly. The intermediate phenomena must be arranged in a series, 
as steps of the general develupment from the inorganic to the organic. 

Fifthly. Inflexions can only be explained as worn-out affixes, or as inde- 
pendent particles, and these as decayed full (nominal or verbal) roots. 

With these results we shall now return to the investigation of the pro- 
blem which we found placed before us,—the classification of languages, in 
particular as to the language of Egypt,—and look back to those two different 
systems respecting the historical origin of languages, to which we alluded 
above. We are reduced to the following dilemma :—Either there has been 
an infinite number of such beginnings, out of which different tribes have 
sprung, and with them different languages, each doing originally the same 
work, and continuing and advancing it more or less according to its particu- 
lar task, its natural powers and its historical destinies; or the beginning of 
speech was made only once, in the beginning of human time, in the dawn of 
the mental day, by one favoured race (however it was originally formed) ina 
genial place of the earth, the garden of Asia. Of such centres we have in 
the primeval facts of ethnology three; the western one, having Mount 
Ararat as a southern, and Mount Caucasus as the northern centre; the 
eastern one, or the mountainous table-land of Tibet, with its eastern and 
southern slope ; finally, the middle one, the Hindukush, with the Iranians 
and Turanians around it. 

Within the circumference of this district the human race first developed 
and spread itself, either equally from all three points, as the one assumption 
would lead us to suppose, or from one first, according to the other of the two 
possible scientific assumptions. 

On one supposition or on the other, the development of language must 
have been connected with different crises, such as must modify social exist- 
ence, and therefore speech. The rising of new nationalities must produce 
new languages. In consequence of such inward or outward, natural or 
political, and religious catastrophes, colonies went out, and swarms of men 
issued forth to distant countries, bearing with them the heirloom of their first 
fatherland in their speech, and carrying it on from that starting-point with 
their own individual strength, under more or less favourable circumstances. 
On this supposition there will be in some races a more continuous and 
organic development, retaining more of uninterrupted consciousness of the 
past; whereas others tend rapidly to a premature or conventional develop- 
ment; others again preserve this old state with unbending tenacity. One 
race will distinguish itself thus above all others by a full development from 
the inorganic to the organic formation. Although it becomes thus in the 
course of ages the most perfect organic language, the race will, by virtue 
of the harmonic development of all its parts towards one, and that the 
highest end, preserve more of the ancient heirloom than others less perfect, 
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because this want of perfection shows itself in a tendency to develope one 
part of the system out of proportion with the rest, and thus cover and hide, 
as it were, the ancient stock under the luxuriance of one-sided formations. 
The perfection of an organic language lies not only in what it expresses, but 
also in what it does not express, by special forms, 

Thus in physiology man appears as the centre and end of all organic forma- 
tions, uniting harmoniously the relatively highest perfection of all eo 
whereas the others, in tending towards one of them only, go out of the way 
of steady and perfect development, and fail to arrive at the goal. 

Colonies may either preserve the ancient form, or become the occasioa 
of a great change. The ancient language of Tibet, which is in the Chinese 
traditions the land of their earliest recollections, may have been preserved by 
the colonists who formed the Chinese empire, while Tibet went further 
its development. 

Such will be, according to our inquiry, the genera] march of development 
whether the one or the other supposition be the true one. 

Now, if the first supposition be true, the different tribes or families of 
languages, however analogous they may be, (as being the produce of the 
working of the same human mind upon the same outward world by the 
same organic means), will nevertheless offer scarcely any affinity to eact 
other in the skill displayed in their formation, and in the mode of it; be: 
their very roots, full or empty ones, and all their words, whether monosyll- | 
bic or polysyllabic, must needs be entirely different. There may be some 
similar expressions in those inarticulate bursts of feeling, not reacted upct 
by the mind, which the grammarians call interjections. There are beside 
some graphic imitations of external sounds, called onomatopoetica, words 
the formation of which indicates the relatively greatest passivity of the mind 
There may be besides some casual coincidences in real words; but the lav 
of combination applied to the elements of sound gives a mathematical prod: 
that, with all allowances, that chance is less than one in a million for the 
same combination of sounds signifying the same precise abject. What we 
shall have to say hereafter about the affixing of words to objects, will shor 
that this chance is still considerably diminished, if the very strict and pos- 
tive laws are considered which govern the application of a word to a giver 
object. But the ordinary crude methad suffices to prove, that, if there ar 
entirely different beginnings of speech, as philosophical inquiry is allowed 
assume, and as the great philosophers of antiquity have assumed, there ca 
be none but stray coincidences between wards of a different origin. Nov, 
referring to what we have already stated as the result of the most accurate 
linguistic inquirjes, such a coincidence does exist between three great fam: 
lies, spreading from the north of Europe to the tropic lands of Asia ax 
Africa. It there exists, not only in radical words, but even jn what must ap 

ear as the work of an exclusively peculiar coinage, the formative words a _ 
inflexions which pervade the whole structure of certain families of languages 
and are interwoven, as it were, with every sentence pronounced in every ov 
of their branches. All the nations which from the dawn of history to ov 
days have been the leaders of civilization in Asia, Europe and Africa, mus 
consequently have had one beginning. This is the chief lesson which the 
knowledge of the Egyptian language teaches. 

But the researches of our days have very considerably enlarged the spher 
of such languages of historical nations, as are united by the ties of primitir 
affinity. Those researches have made it more than probable that the Tatas 
Mandshu and Tungusians belong to one great stock; that the Turkoma 
as wellasthe Tshudes Fins, Laplanders and Magyars (Hungarians) preset 


ON BTHNOLOGY. 295 


another stock closely united, and that both these families are originally con- 
nected with each other. These nations, who probably may be reduced to 
two families, one centring in the Altai and the pasture land towards the 
Himalaya, and the other having ite centre in the Ural mountains, have acted 
in the history of civilisation a most powerful episode by conquest and de- 
struction. They appeared in the fifth century as the Huns, a scourge to 
Romans and Germans ; they produced Djenghiskan, Tamerlan and Moham- 
med JI.; they destroyed the Persian empire, subdued Hindustan, and they 
still ait upon the throne of Byzantium and upon that of China. They seem 
destined to partake only by conquest in the higher civilisation of the sur- 
rounding nations, older or younger ones, the Chinese presenting the one ex- 
treme, the Iranians the other. Little disposed to learn from them as neigh- 
bouss or gubjects, they become more or less ¢ivilized by being their masters. 
They cannot resist the inward force of the civilisation of their subjects, 
although they repel it, as an outward power. 

These tribes appear also as the once subdued substratum of Iranian civi- 
lisation. So in the north of Europe, where the Finnic race preceded the 
Scandinavians. 

But the same great family appears also in Asia aa the subdued or primary 
element. Jt seems probable, that the aboriginal languages of India, which 
attained their full development in the Dekhan dialects, belong to this stock, 
hot only by a general analogy of structure, but also by an original and 
traceable connexion. 

In a similar position we find another member of that family in western 
Europe. It there preceded the Celts, in the Tberians or Cantabrians, whose 
language is preserved in the Basque (Biscayan). Those tribes were once 
prevalent in France and Spain, probably also in ancient Italy. Their lan- | 
guage has the same structure and certainly some signs or vestiges of a ma- 
terial connexion in yaots with the Altai-Ural idioms. 

Our historical formula respecting this formation will therefore be this. 
All the nations, who in the history of Asia and Europe occupy the second 
rank as to the civilising power they have Aitherto displayed, are probably as 
much of one Asiatic origin aa the Iranian nations are. ‘They centre on the 
northern borders of the Himalaya, and everywhere in central Asia are the 
hostile, savage neighbours of the agricultural [ranian people, whom they have 
disturbed and dispossessed in different ages of history, having probably them- 
selves been primitively driven by them, as nomades by agriculturists, from a 
more genial common home. 

We have now only to indicate, as summarily as we can, the relation of this 
great family, with the three great families, into which the leading nations of 
civilisation, as children of one stock, appeared to be divided. We found that 
the names of Cham, Shem and Japhet (the latter name being adopted only 
provisionally as equivalent with Indo-Germanic) represented to us scientifi- 
cally three steps of development of one and the same stock. In applying the 
principles above established to that question, we ask, Is that great Altai-Ural 
family originally connected with those leading nations? and if so, to which 
of those three great divisions (Chamism, Semitism, Japhetism) do these se- 
condary families more particularly approach? We cannot hesitate for a mo- 
ment to say, that there are too many positive and material vestiges of original 
connexion (although in a remote degree, according to the general principles 
we have laid down) already visible, to allow us to doubt the existence of such 
aconnexion. At the same time we find these languages, although very in- 
ferior to those Indo-Germanic tongues, nearer allied to them, than to Cham- 
ism and Semitism. They represent, like Cham and Shem, a lower degree of 
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| 
development, if compared with the Iranian languages, but a degree of ther — 
own, starting, as it were, from the opposite pole. The tongues of High Ass 
form with thoee most perfect languages a decided opposition to the Cha- 
mitic and Semitic branches. They are more advanced than these, and there- 
fore later, but, so to say, advanced in a wrong or less imperfect way. We 
therefore propose to call this whole family the Turantan, and the Indo-Ger- 
manic or Indo-European, the Iranian, following the antithesis of Iran and 
Turan, established by Heeren and Cari Ritter. And indeed the more we go 
back to the most ancient historical traditions of the Japhetic family, partic:- 
larly in India and Persia, the more we see how the two branches, the [ranun 
and the Turanian, though always in opposition to each other, are to be cov- 
sidered as but diverging lines from one common centre*. | 

It is not proved, but it appears to us, on the strength of our general pns- — 
ciples, highly probable, that the native languages of the northern contipert 
of ica, comprising tribes and nations of very different degrees of civii- 
sation, from the Esquimaux of the polar regions to the Aztecs of Mexico. 
are a scion of the Turanian tribe. The similarity in the conformation of the 
skull, always made such an affinity highly probable: the wonderful analogy 
in the grammatical structure of those languages, between themselves and with 
the Turanian tongues of Asia, is denied by nobody ; and we believe that the | 
curious and, at the first appearance, startling problem, of the apparent entre — 
diversity of the lexicographic part of those American languages, by the side 
of that grammatical affinity, will receive a satisfactory solution by a more pro- 
found knowledge of the roots, and by the application of our principle of se- 
condary formation, overgrowing sometimes luxuriantly the ancient stock of 
roots. 

We likewise believe that Wilhelm von Humboldt has established the coa- 
nexion between the Polynesian languages and the Malay, or the language of 
Malacca, Java and Sumatra, and that this Malay language itself bears the 
character of the not-Iranian branch of the Japhetic family. | 

Whether the Papua languages, spoken in Australia and New Guinea, and 
by the aborigines of Borneo, of the peninsula of Malacca and of some small 
Polynesian islands, be a primitive type of the same stock as the Malay which 
afterwards, in many parts, superseded it—this point must remain uncertain 
till we receive from the hands of the missionaries a Papua grammar. Thus 
much we know, that it is an anterior and very primitive formation, and most 
likely will prove to be a degenerated one, to the analysis of which, as such, 
we shall have to apply the method above discussed. 

We see thus, that Asia (with the exception of China and Tibet), the whole 
of Europe and probably of America aud the Polynesian lands (at least in theit 
secondary stock), belong to one great original family, divided into the Ir- 


* See Lassen, Indische Alterthumskunde, p. 728. My young friend Doctor Max Miiller, the 
editor of the Rigveda, gives me the following data for this assertion :—“ In the hymns of tle 
‘ Rigveda’ we find still the clearest traces, that the five principal tribes, the Yadus, Turvasss 
Druhyus, Anus and Pirus, were closely connected by the ties of nationality, and had ther 
gods in common. In the succceding age, that of the epic poetry of the Mahabharata, thes 
five nations are represented as the sons of Yayati, one of the old fathers of mankind. Yayui 
curses four of his sons, and the curse of Turvasa is, to live without laws and attached 
beastly vices in the land of barbarians in the North. In this name of 7er-vasa, as well 
afterwards in the name given to the Indo-Scythian kings in the history of Kashmir, Tit 
ushka, we find the same root as in the Zend 7éra, the name of the nations in the North 
But ¢dra itself means quick, from ,/tvar, to run, to fly, and thus the very name of these tribe: 
gives the same characteristic of these nomadic equestrian tribes, which afterwards is ascribed 
to them by Firdusi, and which makes them always appear in India, as well as on the Sass- 
nian inscriptions of Persia, as the An-irfin, or not-Arian people, that is, as the enemies of the 
agricultural and civilising nations.” 
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nian and Turanian branches. We beg to call this definitively the Japhetic 
race. In many parts we know that the Turanian race has preceded the Ira- 
nian: its language certainly represents an anterior step or preceding degree 
of development. In some parts we found that the Turanian rage succeeded 
to a still older native element. 

We now return to the precursor of Iranism in western Asia and in Egypt. 
Semitism appeared to us as a one-sided progress of Chamism. Canaan (the 
ante-judaic inhabitants of Palestine and Pheenicia) is not literally a child of 
Cham, that is to say, a scion of the Egyptian stock: perhaps geographically, 
but not genealogically. But Canaan is called in Genesis the son of Cham, 
because the Canaanites, in the Abrahamitic period, as again in the Mosaic 
time, left lower Egypt and occupied Palestine and Tyre. Canaan came out 
of Cham ; certainly the Semitic idiom is in itself a child of Cham, by being a 
development of that primitive ( Asiatic) Chamism, which became fixed in the 
Egyptian. For the Egyptian language is as certainly the primitive forma- 
tion of the Euphrates and Tigris territory, fixed in Africa and preserved by 
the Egyptians, as the Icelandic is the old Norse fixed in that island. All this 
follows out of the facts furnished by Egyptology, if the principles above esta- 
blished are applied to them. 

The Semitic formation itself occupied Abyssinia; and the Berber language 
belongs evidently to the same stock. But what can we say of the rest of 
Africa ? 

Here late researches have opened a new and great field of the most inter- 
esting character. We allude in particular to the labours of Tutechek, and the 
analytical inquiries of Von Gablenz and Ewald; but above all to the gigan- 
tic and truly admirable labours of that indefatigable German Messenger of 
the Chureh-Missionary Society of England, the Rev. John Lewis Krapf, whose | 
compared manuscript grammar and dictionary of the Sawahili language and 
the cognate dialects of the Wanicka and Wakamba tribes, with introductions 
and numerous translations, have been entrusted to me by the enlightened 
secretary of that Society, the Rev. Henry Venn. These, and similar works 
about the south-eastern languages of Africa, have entirely destroyed those 
unfounded notions of an infinite number of rude and poor tongues. We now 
know, that dialects of the Galla language, which in the North joins the 
Abyssinian, a very fine specimen of grammatical structure and euphonic 
formation, are spoken, at least as far as the fifth degree south of the equator ; 
that it penetrates deeply into the continent along the eastern coast of Africa ; 
that it is joined by the noble Caffre idioms, which also enter far into the in- 
terior; and that the Congo idioms on the western coast, if not cognate, are 
at least very analogous in structure, as the Galla and Caffre languages are 
decidedly among themselves*. 

They besides all bear on them vestiges of primitive affinity, according to 
our principles, with the great tripartite stock. But if we are asked, do these 
languages belong to Chamism, ur do they stand on the degree represented by 
Semitism ? we are obliged to answer, neither the one nor the other. On the 
contrary, applying to them the principles we have endeavoured to establish 
as the general principles of development, we must confess that they stand on 
Japhetic ground. The primitive state of Chamism, exhibiting the germ both 
of Semitism and of Japhetism, is evidently left behind in those advanced 


* At the moment that we are carrying these sheets through the press (April 26, 1848) 
we receive the first and second number of the ‘ Zeitschrift der deutschen morgenlindischen 
Gesellschaft,’ and find in it Prof. Pott’s learned article on the languages of the Caffre and 
Congo tribes. We beg particularly to refer our readers to the ingenious and acute observa- 
tons of Prof. Schott, brought forward in this article. 
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formations, There is a further develapment, but that development dees not 
run in the Semitic line, In the Semitic formations, the copula is constantly 
expressed by the pronominal form (Ae), whereas the Iranian, ag well as the 
Turanian, therefore all Japhetic languages, have already the more abstract 
and therefore more advanced verbal form (to be). In this decisive cha- 
racteristic those African tongues side with the Japhetic. And so they do 
in the whole system of conjugation in opposition to the Semitic conjugation, 
as explained above. As the American and, in a certain manner, all Turanian 
languages are distinguished by their system of incorporation, and in parti- 
cular of agglutination of words, together with that of postposition; thus 
these Afriean idioms bear the type of prefixes and indicate the congruence 
of the parts of speech by changes in the initials of the words. Lepsius’ pre- 
liminary observations respecting the two languages of the Upper Nile, dis- 
covered and analysed by him, lead to the supposition, that they too represent 
a decidedly greater advancement than the Egyptian. 

The ulteriqr question then will be, have those languages (in form and in 
matter) passed through the Chamistic formation? And if so, is their primary 
formatian reducible directly te Asiatic Chamism, or have they passed through 
the Egyptian? 7 

We feel unable to answer these questions. The combined pragress of the 
study of the language of Egypt and of those of central and southern Africa, 
will, perhaps in a few years, enable us to see clearly on this point. 

Nor do we undertake to answer the question whether that wreck of the 
primitive language, that great monument of inorganic structure, the Chinese, 
can be linked by any scientific method to the other families of human speech, 
and thus, directly or indirectly, conneeted with the great tripartite civilizing 
family of mankind, But we add, there is no scientific proof that it cannot. 
Chinese philology, from a general point of view, is in its infancy. Morrison’s 
merit consists in having given us a tunic dictionary, that is ta say, a dictionary 
which does indeed deserve that name, an alphabetic callection of sounds, not 
a system of signs. But the executian of this laudable plan is very defective. 
The object of real philology must be to classify, with the necessary regard for 
the accent, the numberless significations of a full ront or syllable, in such a 
manner, that the primitive significations may be discovered; for, as is the 
case still in the Egyptian, one sound comprises generally many roots now 
apparently identical, but originally different. The ancient style ought to be 
consulted for this purpose, if not exclusively, at least most particularly. 
Treating in this manner for instance, the roots ng? (the pranoun J), and 
the roots for father and mother (foo and moo), the original substantial 
meaning of the two last wards will be equily ascertained, and the signification 
of recite, speak, speaking for 2gd, lead to the natural origin of the prono- 
minal signification. Nor is it Jess important to discover the original pro- 
nunciation and the phonetic rule’ of that language. Endlicher has been the 
first, in his Chinese grammar, to consult the language on this point. Finally, 
we cannot help thinking, that a system of transcriptions in Latin characters 
aught to be introduced in the tonic dictionary as well as in the grammar, 
and the ancient texts published in the same manner. The philological as 
well as the historical treasury of Chinese literature would thus become ac- 
cessible to the philosophical and comparative study of that most interesting 
language. It is only by being taken up by general scholars in this way, 
that we may hope to gain a basis for the comparison of roots; although we 
are far from denying that the historical study of the signs by the professional 
Chinese scholar will also contribute much to the real understanding of that 
peculiar formation. The study of the Tibetan or Bhotiya language, and 


ON ETHNOLOGY. 299 


that of the Burmese, would probably offer the nearest link between the 
Chinese and the more recent formations; but even the comparison with 
Sanscrit roots will not be without results. 

It would be presumptuous to anticipate the issue of such well-prepared 
and sifted comparisons; but we have no hesitation in saying, that we incline 
to believe it will be in favour of the existence of a primitive connexion. 
There is a gap between that formation and all others; and that gap corre- 
sponds probably to that caused in the general development of the human race 
by great destructive floods, which separate the history of our race from its 
primordial origines. In this sense the Chinese may be called the monument 
of antediluvian speech. Indeed the first emigration from the cradle of man- 
kind is said in Genesis to have gone eastward. 

But whatever be the result, there is only one method of arriving at it, and 
that is a combination of accurate philological observation and analysis with 
philosophical principles, and with the collateral researches of history and of 
physiology. It is only by such a combination of researches that we can hope 
to fix definitively the place of the Chinese language in the general history of 
human speech, and to pronounce with historical certainty on the great ques- 
tions connected with that problem. The difficulties are immense; but 
greater ones have been overcome in the last thirty years, and we believe that 
our method of distinguishing between primary and secondary formation, 
and of determining the succession of the phenomena of development, and 
thus of languages, will not be found entirely useless in the pursuit of those 
ulterior researches. At all events, we flatter ourselves that we have made 
good our assertion, that the Egyptologic discoveries are most intimately 
connected with the great question of the primeval language and civilisation 
of mankind, both in Asia and Africa, and that they give a considerable sup- 
port to the opinion of the high, but not indefinite antiquity of human history, 
and to the. hypothesis of the original unity of mankind and of a common 
origin of all languages of the globe. 


London, 27 April, 1848. J. BuNSEN. 
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On the Importance of the Study of the Celtic Language as exhibited by 
the Modern Celtic Dialects still extant. By Dr. CHARLES MEYER. 


Tax subject on which I have ventured to address this meeting, is one which 
appears to me particularly well-adapted for the purposes of the British 
Association, as it deserves attention in a national as well as a general point of 
view, being connected not less with the special history of this country, both 
political and intellectual, than with the universal history of human civilization | 
and intellect. I shall endeavour to point out the high importance, both histo- 
rical and philological, of the study of the Celtic language, as exhibited by the 
modern Celtic dialects still extant, and shall lay before my hearers some of 
the new facts and views pertaining partly to general history, partly to the 
history of human language in particular, which, I believe, [ have, in the 
course of my study of the Celtic language and literature, succeeded in dis- 
covering. 

Modern Europe possesses two great dialects or languages, each composed 
of three separate idioms, which exhibit what we may call the modern Celtic. 
The word Celtic I use as a generic name for all the different idioms and 
dialects, evidently united amongst themselves by a systematic family-likeness 
of grammatical features, once spoken by the different nations and tribes, 
which in the Greek and Latin records of ancient history are usually desig- 
nated under the general name of KeéAraz (KeAro/) and Celta ®, and still spoken 
by their descendants. The two great dialects of modern Celtic may be seen, 
each with its three subdivisions, only one of which is actually extinct, on the 
following table :— 


1. The Gallic or British, comprehending— 

a. The Cymric or Welsh. 

b. The Cornish (extinct). 

c. The Armorican or dialect of Brittany (Bas Breton). 
2. The Gaelic (Gadhelic) or Erse, comprehending— 

a. The Fenic or Irish. 

b. The Highland Scottish (Gaelic). 

c. The Manx f. 


It appears from this table, that five of the modern Celtic dialects, and 
four of those still extant, belong to ¢hés country, while the sixth, the Armo- 
rican or the dialect of Brittany, belongs to a district which, although situated 
in a foreign country, yet is British by its population, since it was in the 
fourth and fifth century of our era entirely colonized by British settlers, 
and named by them after their motherland, the latter becoming henceforth 


* Uckert’s Geography, vol. ii. p. 186. 

t This table is on the whole the same as that given by Dr. Prichard in his ‘ Eastern 
Origin of the Celtie Nation.’ { have only added the names Gallic and Fenic, both of 
which are of too frequent occurrence, and of too significative import in the ancient national 
records (particularly the Irish), not to find a place in a pedigree of the Celtic. As for the 
etymology of the two principal words of this pedigree, I derive the word Gadhel, Gael 
(Irish : Gaodhal, Gaoidhal, Gaedhil) from an old Celtic root gwydh sequi, comitari,—pre- 
served (with the regular change of gw into /) in the Irish words facidh-im sequor, comitor; 
feadhan comitatus, clientela; feadha patronus; feidhil cliens—so as to give to the word 
Gadhel, Gael the signification follower, with reference either to the nomadic propen- 
sities and practices of the whole tribe, or to their habit of living in clanships. The name 
Gall (Gallus, Gaul), although it is used by the Irish writers in direct opposition to that 
of Gael, so much as to have acquired the general signification of foreigner, yet I am 
inclined to consider as another more mutilated form of the same word, a contraction 
namely of Gwadhal or Gwodhal. (cf. the name of S. Vodoalus.) 
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distinguished from its colony by the name of Great Britain*. Thus this 
country, which was once, as Ceasar tells us, the acknowledged classical seat 
of Druidical discipline, and, as we may hence infer, of Druidical or old Celtic 
canguage and literature, is also the principal seat of the modern Celtic, which 
exclusively originated there. 

Some of those who honour me with their attention, may perhaps be astu- 
nished to observe that in proposing the use of the expression Anctent and 
Modern Celtic, and in explaining its meaning, I have been tacitly assuming 
a fact which, of all facts left to the investigation of comparative Celtic 
philology, evidently ought to be proved first, namely the real general identity 
of the two languages, or, more accurately, the two ages of language which 
we have called the Ancient and Modern Celtic. But every one, however 
slightly acquainted with modern Celtological literature, must know that this 
identity has already been made the subject of so many extensive investiga- 
tions, and received so many clear demonstrations, as not now to require any 
additional proof. The fact that all the words, significative names and phrases, 
occasionally quoted by the Greek and Latin authors from the language of 
the several Celtic tribes, occur, with nearly the same specified form and 
meaning, and moreover, with their full etymological explanations, in the 
dialects which we are for this very reason justified in calling the modern 
Celtic, this important fact, which involves the grammatical identity of the 
two languages in question, has for several centuries engaged the attention 
of the learned. Having first been rendered evident by Du Fresne, and 
afterwards more strongly insisted on by the school of the so-called Celto- 
manians, in whose voluminous researches it is indeed the only fact which 
they have contributed to elucidate, it has since been laid before the public 
in a more compendious and judicious form in several modern books, among 
which I need only mention Dr. Prichard’s ‘Ethnography of the Celtic Race,’ 
' and Diefenbach's ‘ Celtica.’ 

When we consider the full import of this identity with reference to our 
knowledge of ancient geography and ethnography, we see at once that it is 
of itself sufficient to render the study of the modern Celtic of the highest 
importance to the historian. The Celtic nation, whose language still lives in 
the mouth of the modern Celtic tribes just enumerated, was, owing to its 
migratory instinets and habits, one of the most widely-spread of all the nations 
of ancient and modern history, having at various periods covered with its 
settlements, and perhaps even simultanevusly possessed, a space of country 


* This colonization of Brittany, which in the historic records of thé Cymty (Tricedd, 
Vaughan, 7) is attributed to Cynan Meiriadewe, contemporary of Macsen Wledic (BE 
Maximus), has conferred upon this hero, in very early legends preserved both in the Welsh 
and Gaelic literature, the renown of a descent into hell and victory over the infernal spirits, 
a fiction which doubtless originated in the supposed identity between the realms of death 
and lands beyond the sea. V. Gododin, v. 196 (Myvyrian, i. p. 4.): 

Ni dyvu o Vrython 

Wr well no Chynon 

Sarph Seri Alon. 
(There did not come from the land of Britons a man better than Cynon, the sun-like con. 
queror of the infernal spirits.) Cf. God. v. 367, 545, 583, 586; Mackintosh’s Gaelic Pro- 
verbs (1819), pp. 24, 203; W. Scott’s Waverley, cap. 19; Macpherson’s Ossian, vol. i. pp. 
148,154. The character, at once bold and good-humonred, under which the Gaelic tradition 
represents Cynan or Conan, enables us to reeognise in him the type of several other legen- 
dary heroes of a similar stamp, whose history is a copious and amusing theme for the 
nursery-tales of nearly every country of Europe; e.g. Der Schmied von Apolda; Broder 
Lustig; Frére Moustache; V. Gtimm’s Deuteche Mabrehen, Notes, No. 81; Emile Souvestre, 
Derniers Bretons, p. 176. 
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extending from the pillars of Hercules to Asia Minor and beyond the Caspian, 
and from the banks of the Tiber to the Ultima Thule of Scotland and 
Greenland. And this considerable portion of the world, as well as the 
historical records referring to it, the Celtic nation has left marked with a 
long series of names both of places and persons, which only become intelligi- 
ble, in their full import, by a comparison with the modern Celtic. 

I beg leave here to submit to this meeting in a few words my opinion on 
the different lines of migration by which I conceive the Celtic race have pro- 
ceeded from Asia to Europe, and finally to this country, and on the intimate 
connection which seems to exist between the difference of those lines and 
the great division of the whole race into two separate branches, correspond- 
ing with the two great dialects of modern Celtic, namely, the Gallic and the 
Gaelic branch. Although it does not lie within the plan of my discourse to give 
that opinion, which is the result of a long and conscientious comparative ex- 
ainination of the Celtic national records extant, supported by all the arguments 
necessary to prove it, yet I have thought proper to introduce it here in a sum- 
mary way as a sort of basis fur the philological views I am more particularly 
about to develope. This sketch of the history of Celtic migration will at the 
same time afford an opportunity, by the introduction of the etymology of 
several of the names which we shall have occasion to mention, of demon- 
strating the importance which we attribute to the study of the Celtic lan- 
guage with reference to ancient and modern ethnography. 

It seems to me, then, that the Celtic nation transported itself from Asia, 
and more particularly from Asiatic Scythia, to Europe and to this country 
by two principal routes, which it resumed at different epochs, and thus formed 
two great streams of migration flowing as it were periodically. The one, in 
a south-western direction, proceeding through Syria and Egypt and thence 
along the northern coast of Africa, reached Europe at the Pillars of Hercules, 
and passing on through Spain to Gaul here divided itself into three branches, 
the northern of which terminated in Great Britain and Ireland, the southern 
in Italy, and the eastern, running along the Alps and the Danube, terminated 
only near the Black Sea, not far from the point where the whole stream is 
likely to have originated. The other great stream, proceeding in a more 
direct line, reached Europe at its eastern limit, and passing through European 
Scythia, and from thence partly through Scandinavia, partly along the 
Baltic, through Prussia (the Polena of the Sagas and Pwy! of the Triads), 
and through Northern Germany, reached this country and hence the more 
western and northern islands across the German Ocean or hazy sea (Mor 
tawch). 

Of ese two streams or lines of Celtic migration, which, with reference to 
thiscountry, we may distinguish by the namesof the western and eastern stream, 
the former, although the less direct, seems to be the more ancient in history, 
and to have reached this country several centuries before the other. The 
principal nations belonging to it are the KéArac of Spain (to whom this name 
particularly refers) and the Galli, the latter being the parent stock of the 
three tribes which successively possessed this island and successively be- 
stowed upon it the three names by which it is mentioned in the records of 
classical and national literature. Each of these names corresponds with that 
of the tribe itself, both being taken from the chief god worshipped by each 
tribe, on whom they always bestowed a twofold character, one general, as 
god of the sun, and one special, as their own warlike leader and protector— 
their heros eponymus. These three tribes are the following :— 

Ist. The Alwani (Alauni Alani), who took their name from their god Altw, 
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and after him called this island Alw-ton (AXdoviwy, Albion), ¢ e. the island 
of Alw*. 

Qnd. The Aedui, who took their name from their god Aed (the Aedd Mawr 
of the triads), and after him called this island Aeddon or Hiddyn (Edin), a 
name preserved in that of the town of Edinburgh (Welsh Caer or Dinas 
Eiddyn, Gelic Din Eidint+). The name under which the Aedui of Great 
Britain and Ireland are most frequently quoted, and which, contrasted with 
the other, may be called their secular name, is that of the Brigantes (identical 
with the Welsh family name Brychan, and the Irish Breoghan), and to be 
derived from the Welsh word brych, Gelic breag, fuscus. 

Srd. The Britons (Brython), who took their name from their god Bryt or 
Pryd (the Prydyn ap Aedd Mawr of the Triads), and after him called this 
island Brytain, Prydain (Yuys Prydain), Great Britain t. 

The respective order in which these three names were bestowed upon the 
island is also evident from the situation of those parts to which they became 
gradually applied after having lost their general signification, each tribe, which 
retreated on the arrival of fresh conquerora to a more northern part, attach- 
ing to the district which it occupied what had been once the name of the 
whole country. Thus the name Albion, the most ancient of the three, 


* V. Baxter, s. v, Alauni, Alo-Brites. The memory of the god Ako is preserved by the 
Triads under the name of Alawn, and by Nennius (2,12, Gale) under that of Alaunus, 
grandfather of Brutus (i.e. Pryd). In the Triads of the three pillars of the British nation,— 
Triphost (? Tuisighin) Cenedl Ynys Prydain—the name of the Cymric god Hu Gadarrz has 
been fraudulently substituted for that of Al. The signification of the name Ako is still 
warranted by the Welsh word Alaw (light, music), and the Gaelic Aluin (bright, beautiful). 

+ V. Trioedd, Vaughan, 36. Trioedd, Rich. 79. cf. 50. Gododin, v. 155 (Eg. cyntedd 
Eiddyn). Ricardus Corinens, cp. 16. Britannia after the Romans, p. 74. 

t Nennius, x. Britones venerunt in ferfia efate Mundi ad Britanniam. The word ain, in 
the compound Pryd-ain, which is synonymous with the words ion (in Alw-ion) and yn (in 
Kidd-yn), signifies circle, enclosure, island. The simple name of the god Pryd is preserved 
in one of the most ancient monuments of Welsh literature, a sacrificial hymn addressed to 
the god Pryd in his character as god of the sun. The text of this poem, as it is printed in 
the Myvyrian, or Welsh Archzxology (vol. i. pp. 72, 73), being very corrupt, I shall subjoin 
here a literal prose translation of it in English, and a close metrical one in German. 

“‘ Pryd, god of Great Britain, splendid Hu, listen to me! King of heaven, do not during 
my office hide thyself from me! A fair repast is spread before thee by the castle between 
the two lakes (a religious expression for Great Britain): the lakes surround the wall, the 
wall surrounds the city, the city invokes thee, king almighty: a pure offering stands before 
thee, a chosen victim in its sacrificial veil (instead of mwyedig vain, lege vain vwyad) : O great 

nt (a common epithet of the sun, referring to its circuitous course), encircle from above 
the place where the sacred vases stand.” 
“ Pryd Prydain, 

Herr im Schein, 
Hore mich: 

Himmelsfiirst, 

Nicht im Dienst 
Unmdistre mich : 

Fest dir beut 

Die Seeburg heut, 
See um Wall 

Wali um Burg 

Burg dich ruft, 
Herr, mit Schall! 

Schénes Opfer 

Hier im Schleier 
Dir ich bring, 

Goldner Drache, 

Hold umfache 


Den Opferring !” 
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finally retired, together with the tribe from which it originated, to the most 
northern part of the country, which, under the form Albain or Alban, it still 
serves to designate: and the name Prydain itself, which since has resumed 
its general signification, in the poems of the old Welsh bards yenerally de- 
signates the western parts of the Scotch lowlands, whither the Britons had 
retired after the arrival of the Belgians *. 

As the nations and tribes of this western migration are those to which the 
name of Celts and Gauls more particularly refers, so to them belong most 
of those characteristics and institutions of the Celtic race—including the 
important one of Druidism—with which we are made acquainted by Cesar 
and Strabo. The language of the western Celts is in its most distinctive 
features represented by the British or Gallic branch of the modern Celtic. 

Of the nations and tribes of the eastern migration, the most celebrated are the 
so-called Picti and Scoti, who, from the close of the third century of our era, 
have for a Jong period held a leading place in the history of this island. The 
names Scofi and Picti both correspond with analogous words of mo- 
dern Gaelic, the one with the Irish seuite nomades (coll. W. ysgwyd, E. to 
scout), the other with the Gelic pic-t-a, peic-t-a (Welsh, peith), fighting 
man, from the Gelic pic (betc, beuc), Welsh, petth, to scream, to fight (cf. 
Anc.-G. viht-an; Lat. pugn-a). Much more characteristical however than 
the two names just mentioned are those by which the Picti and Scoti are 
usually distinguished in the Welsh records, I mean the names black and fair 
(red, white) Gaels, black and fair horde—Gwyddyl duon, llu du, ormes du 
and Gwyddyl gwyn, cock, glas+—inasmuch as, according to the analogy of 
several Asiatic tribes}, this appellation seems to refer to a difference of blood, 
and to imply that the dlack Picti exhibited in their physical appearance a less 
pure Caucasian origin than the fair Scoti. The name Fena itself, under which 
the Scoti in their own records—the old Irish annals and poems—are almost 
invariably mentioned, signifies the fair ones, being the plural of Fion fair, 
which word is in this form the name of the heros eponymus of the whole tribe, 
the celebrated Fion Mac Cumhail (the Fion Gall of the Highlands). The 
ignorance of the monkish chroniclers of Ireland, who did not understand the 
meaning of the word Fena, was without doubt the cause of the generally re- 
ceived wild opinion of the Phenician origin of the Irish,—just as the story of 
the celebrated here Milestus, as a distinct person, arose from ignorance on 
the part of those chroniclers of the true meaning of an epithet by which Fion 
(the heros eponymus of the Fena) is frequently described by the old Irish bards, 
namely, the epithet ‘Miledh warrior.’ As far however as regards the Irish 
tradition of the Fena having arrived from Spain and Africa, to deny it all 
foundation in history would be inconsistent with what we ourselves have said 
of the route of the western Celts. I do not hesitate to detect in this tradi- 
tion a reference either to that migration or to one anterior, which seems to 


* V. Ymarwer Ludd Mawr, Myv.i. p. 31, b. Gwawdd Ludd y Mawr, ib. i. 75,b. (Tra 
mor Tra Brython). Kerdd am Veib Llyr, ib. i. 67,b. Britannia after the Romans, p. 10. 

ft V. Myvyr, i. 67, a; 134, 5; 192, a; Triads, R. 8,9; cf. Dr. Smith, Sean Dana, p.6. The 
earliest authors who mention the Gwyddyi duon under this name are Ammianus Mar- 
cellinus (xvii. 8) and Ptolemeus (ii. 3); cf. Zosim. p. 440, since the form Du-Caledones 
{ Di-Caledones) by which they mention them, evidently contains the Celtic word dw or 
dubh, black, as the first term of this compound. 

$¢ The whole nation of the Tartars, for instance, divided themselves formerly into two great 
families, of which the one, called the dlack, comprehended the Tartars of Mongolic race ; 
the other, called the white, those of Caucasian. V. Ritter’s Erdkunde, ii. pp. 255, 435, 
437,439. The division of the Huns likewise into a black and white horde refers to the same 
difference. Vide Guignes, ii. p. 235. Humboldt’s Kosmos, ii. p. 220. 
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have led, likewise by the African coast, to Spain as well as to this country, 
a nation of Scytho-Celtic (Finno-Celtic) race, including the ancient Iberi 
and the still extant Basque nation*. 

The time when the stream of this eastern migration first reached this island 
seems to have been the sixth century A.c., at which epoch, as we learn from 
Herodotus (iv. 13), a general commotion took place amongst the different 
tribes and nations of Asiatic Scythia, similar to that which 400 years later 
became the primary cause of the great migration of the Teutonic tribes in 
the fourth and fifth century. This great commotion, described by Herodotus, 
precipitating the eastern on the western tribes, and extending itself through 
the Cimmerii, who then inhabited the shores of the Caspian, to European 
Scythia, finally brought the eastern Celts, in the central parts of Europe, into 
contact with the western, one of the results of which event was the incursion 
of the Galli into Italy. 

The Cimmerii just mentioned have been identified by several historians with 
the modern Cymry both as regards their name and origin, of which opinion 
I readily admit the correctness, inasmuch as this tribe, although now the 
principal representative of the Brito-Celtic language and civilization, which 
they after their arrival in Great Britain adopted, yet appears to me, by their 
name as well as by a portion of their own records, to have originally belonged 
to the eastern migration. Nor do I, with reference to this admitted identity 
of the Cimmerii and Cymry, fear to be taxed with excessive boldness when | 
propose my opinion on the similar identity of an old Asiatic and of an Irish 
tribe, both of which deserve in the highest degree the attention of the histo- 
rian,—I speak of the interesting Siberian tribe U-sin, one of the principal 
tribes of the White Tartars, blue-eyed and fair-hair'd, as they are described 
by the Chinese chroniclers (who mention them together with the Yueti, é ¢. 
Goths)+; and the same, as I believe, with the Irish (or Fenish) Ua-sin, 
t.e. light, fair tribe, celebrated in Irish legends for its cultivation of the 
arts alike of war and peace, and for the number of bards as well as heroes 
it has produced. How can I better impress upon my hearers an idea of 
the warlike greatness of this tribe than by reminding them of the beautiful 
poem of Oighidh Llainne Uisnech (the Death of the Sons of Uasin), 
which contains, in a mytholoyical and symbolical form, the story of the final 
destruction of this tribe in the northern part of Ireland in consequence of a 
long series of ‘combats against the Picti or Cruithne? And what stronger 
argument can I adduce to prove the poetic glory of the Ua-sin than to in- 
form my hearers that the two greatest poetical names, both of Gelic and 
Gallic literature, the names of Oisin { (Ossian) and Taluesin§ (Taliessin), 


* One may discover an allusion to this Ante-Celtic population of Ireland in the mytholo- 
gical genealogy of Fion, who is called the grandson of Base (Fion Mac-Cumhail na Baisene) ; 
although I do not know whether I shall weaken or strengthen this reference by mentioning 
that the word Basc itself is an old Irish synonym of the word Fion, signifying red, fair. 

t V. Ritter’s Erdkunde, 1.1. Humboldt’s Kosmos, 1.1. Uckert’s Geographie, iii. 2. p. 275. 

~ The compound Ua-sin has been changed into ‘ Ossin’ by the regular process, peculiar to 
the Celtic, of a retrogressive assimilation of the vowels, the s accommodating itself to 
the following « by becoming 0, and the a to the following i, by becoming §, itself: a similar 
process of change has taken place as regards the word Tal-ue-ain, in which the a of we has 
accommodated itself to the following ¢ by becoming e. 

§ The Tal, which in the name Tal-ue-sin the ua, is but a repetition or explana- 
tion of this word, representing the word Tal, tride, family, once common to both the great 
Celtic dialects, of which the Gelic has still retained it, whereas the moderna Welsh, retaining 
it only in the two derived words Tulaeth and Talais, has for its simple form and meaning 
substituted the word 7euda, which is still derived from the same root. The contact between 
the Cymry and Fena, to which the achool of poetry personified in Taluesin owed its origin, 
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are mere mythological concentrations and personifications of the poetical 
activity and influence of this tribe, the one, Ossian, as a representative of 
the bards who themselves belonged to it, and the other, Taluesin, as that of 
the bards of a neighbouring nation who received from the Ua-sin the im- 
pulse of their art and inspiration ? 

Of the other tribes belonging to the eastern migration, I still must mention 
the Belgians, whose family connexion with the eastern Celts has not long 
since been placed beyond doubt by the interesting discovery that the Glossa 
Malperga, a body of laws collected in a land formerly inhabited by the Bel- 
gians, are written in a language exhibiting a close affinity to the Irish, which 
must be considered the best representative extant of the language spoken 
by the eastern Celts *. 

In tracing this rapid sketch of the earliest Celtic migrations and settle- 
ments, and in endeavouring to unravel some of its most interesting and at 
the same time most intricate portions by an etymological explanation of 
names of places and persons through means of the modern Celtic, I may 
perhaps hope I have succeeded in impressing on the minds of my hearers a 
conviction of the validity of my first argument in favour of the study of this 
language, inasmuch, namely, as it serves to elucidate ancient and modern 
ethnology. And I would also hope, that in reminding my hearers, while 
tracing this sketch, of the multitude of nations with whom the different Celtic 
tribes were brought in contact during that primitive part of their history, 
I shall have prepared them for entering the more readily with me on the 
second argument in favour of that study, which I am now about to develope. 
The knowledge of the modern Celtic is indispensable, to discern and appre- 
ciate in many of the European languages, both ancient and modern, that 
portion of heterogeneous elements which they have received from their more 
or less intimate and lasting contact with the ancient Celtic. 

It is not only in the different Teutonic languages that such introduction 
of Celtic elements is observable ; we find them for instance in the Latin also, 
into which they came through the contact of the Romans with the Umbrians 
and the Galli, and we find them to a considerable extent in the Spanish and 
French, both of which partly acquired them through the Latin, partly re- 
tained them from the conquerors of the Iberians and Aquitanians. But it is 
true that in the Teutonic languages the extent and influence of these Celtic 
elements is much more considerable than in any of the three just mentioned, 
which we may easily account for, by the fact that the Teutonic tribes found 
a Celtic population already established in nearly all the countries which 
they conquered, and in consequence of their intermixture with it could not 
but adopt a great number of terms, and even general modes of speaking, 
connected with a civilization, which, particularly through the influence of 
the Druidical discipline, was then superior to their own. 

In undertaking, however, to discriminate those Celtic introductions from 
the great genuine mass of any other language, we must take care not to 
claim as Celtic that portion of words and grammatical observances which 
both languages possess in common, either in consequence of their being 
both branches of the great Japhetic stock, or of the primitive unity of human 


does not, as far as I see, refer to the Fena of Ireland, but to a Fenish tribe which on their 
way thither appears to have settled for some time on the western coast of this island opposite 
the Isle of Man; it is there, at least, as it seems to me, that we must look for the Va-F¥in men- 
tioned by the Cynveirdd (e.g. Myv. i. p. 40, Yn Mor-dai Ua-Ffin), as well as for the land 
Argoed, of which the Fyn, celebrated amongst the twelve mythological heroes of the 
Gododin (v. 803, Myv. p. 12), is said to have been the king. 
* V. Heinrich Leo, Malpergische Glosse. Halle, 1842. 
x2 
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speech in general. One of two characteristics is always required to enable 
ua to pronounce an element apparently Celtic, which we detect in another 
language, to be really so; either an internal one, which consists in the in- 
congruity or imperfect connexion of that element with the mass of the 
language ; or an external one, consisting in the traceable history of its intro- 
duotion. 

With reference to the first of these two characteristics, the most unques- 
tioned mark by which a great number of Celtic words in English and German 
betray their origin, is their exhibiting, by the mode in which the strength (or 
quantity) and form of the one or several consonants (mutes) which they 
contain are combined, the scale of articulation which belongs to the Celtic 
and not to the Teutonic. My hearers will understand that I am alluding to 
the interesting fact, discovered by James Grimm, that the Teutonic lan- 
guages by a certain regular deviation from the phonetico-etymological system 
of the Sanscritic languages—a deviation best known in this country under 
the appellation of Grimm's law—have adopted a scale of articulation of 
their own, which in one portion of the Teutonic dialects, the High German, 
has undergone a second regular alteration. As we shall have still to refer 
on several occasions to this fact, I think it necessary to correct previously 
one great error, not less in matter than in name, by which the demonstration 
of the law referring to it has hitherto been obscured*. This error consists 
in the undefined and confused signification given to the terms ¢enuts, 
media, aspirata, which, instead of denoting, as they do, not only according 
to the nature of the matter, but also to the definition given to them by the 
Greek and Latin grammarians, the three different degrees of strength 
(Svvapes) or quantity of air with which every letter may be uttered, are used 
by the modern grammarians, the first and second (tenuts and media) as de- 
noting the difference of the surd and vocal form of the consonant, and the 
third (aspirata) its alliance with a guttural sound, merely because in the 
Greek and Latin, according to the scale of articulation adopted by these 
two languages, the denuts, i.e. the feeble or short consonant, is, when a mute, 
generally surd, the media, i. e. the consonant of middle strength or quantity 
of air, generally vocal; and the aspirata, i. e. the long or strong consonant, 
generally affected by a guttural articulation}. But every discerning ear 
will at once perceive that the English ¢h in thou, and German d in dw, are 
as well éenues, i. e. feeble, as the French ¢ in és; and in like manner, that in 
the word deer, German thier, Greek @yp, the three mutes, d, th, 0, are equally 
aspirate, i. e. strong, as well as in the word évo, French deux, German zwet, 
the three mutes, 4, d, z, equally media. 

If, now, we apply Grimm's law, thus corrected, to the Celtic languages, we 
find that they have preserved on the whole the scale of articulation pertain- 
ing to the classical languages, more particularly that of the Sanscrit, with 
which they correspond in attaching the long quantity, not as the Greek and 
Latin do, to the surd form of the mute, but to the vocal. I shall illustrate 
this fact, with reference to the English and German also, by a table of com- 
parative examples. 


* The author of this paper, as far as he knows, was the first to discover this error. 
V. Miinchner Gelebrte Anzeigen, 1841, No. 238, p. 877. 

Tt The case is not so even in the Sanscrit, where surd mutes allied with 4 are generally 
tenues. 
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. i nglish. High German, Celtic 
| Gothic and E Ancient and Modern. Welsh and Irish. 


Dental tenuis ...jtam .........00. rely-ey, ray-us ;'G.than-jan,thann-i;'A. den-jan, dunn-i;|W. tyn-u, ten-yn; 
tend-ere, ten-| E. thin M. diinn I. tan-aigh. 
us, ten-er 

Dental media ...idant-a ......... 6-dovr-; dent-../G.tunth-u; E. tooth A. zand(i.e. tsand);/W. dant; I. dead. 

M. zahn 
Dental aspirate .|Dha (Dhat-A,\ri-On-ps ......... EB. dO... ..cccceseeees A. tuo-n; M. thu-n/W. Da-i (Maker, 
Dat-ere God) Creator); I. do. 
madhu ......... EOD... ccesccvceve E. mead ......s0000. A. meth ..cccocceese ‘W. medd; 
- meadh. 
1 .».kép-ar-; corn-u.G. haurn; E. horn/M. horn .........0+. W. corn. 
tal media ...ip’an ............ gen-ui ............ G. kuni; E. kind...|A. khunn-i, khind/W. gen-i; 
(infans); M. kind} I. gean. 
(han-u) ...... yév-us; gena ...|G. kinn-i; E. chin. I khinn-i; M.kinn/W. gen-au. 
tal aspirate ./hans-a(inatead|y7y; hans-er .. | Brice A.-S. gos; A. kans; M. gans. |W. gwydd; 
of ghans-) | I. geadh. 
oedus....... oveeelGe peitei; E. goat.A. kaiss; M. gaiss/W. gid. 
tenuis ...\pad-a ......... wod-; ped-....... G. fot-u; E. foot...|A. vuoss; M. fuss .|W. ped (in ped- 
awl, pedestr). 
(Egypt.pit.-w)|wirvpes ......... G. fidwor; E. four |A. vior; M. vier ...|W. pedwar. 
BP-B ..cscceneees BH .crcseccroeoeee BE. of...... M. ab.../W. ap (ab). 
jal media ...|....sceeceseeres: deiB-w ; labium . B. lip ... M. lippe; W. llyv-u, lav-ar. 
aspirate. ./bandh (with [wei@-; foed-us...|G. bind-an; E. bind'A. pint-an; M.bind-|W. bydd. 
metathesis en 
of 2) 
bhi ............ to A. pi-m; M. bi-n.../W. bu; I. bi. 


Pve; Ue oo... A.-S. be-om; E. 
be 


We see from the preceding table, that whenever the connexion of an 
English or German word with the corresponding Celtic is natural and organic, 
the mute or mutes which it contains must differ in a certain regular way from 
those of the Celtic word, there being English ¢2 and German d instead of 
Celtic ¢; English ¢ and German z (ts ts) instead of Celtic d; German ¢ or th 
instead of Celtic and English d, and so on. And if, therefore, we now find 
English and German words corresponding to others in the Celtic, without 
exhibiting these regular features of difference, we cannot be mistaken in 
concluding that their relation to the Celtic is not natural and organic, but 
one which has arisen through accident. As examples of this class of words 
in the two languages, I shall mention the following, several of which it will 
be seen were already introduced into the Gothic and Anglo-Saxon. 

English, to take; "Anglo-Saxon, tac-an; Gothic, tek-an: from Gaelic, tagh 
~—Latin, tango, rn. 

Eng. to tread; Modern German, tret-en ; Gothic, trud-an; A.-Saz. tred-an: 
from Welsh, troed ; Trish, troidh (pes). 

Eng. to toot; M. G. dut-en: from Welsh, twt-ach. 

Eng. taper: from Irish, tap-ar— Sanscrit, tap. 

Eng. time; A.-Sax. tim-e: from Welsh, tym, tym-mor; Jrish, time— 
Lat. tempus, répevos. 

Eng. tower; A. Sax. torr; Mf. G, thurm; from Welsh, twr—Lat. turris. 
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Eng. care, to care for; M. G.sich kehren; Gothic, kar-a, kar-jan: from 
Welsh, car-u; Trish, car—Zat. car-us, cur-a. 

Eng. car, cart; M. G.karre: from Welsh and Irish, car, cart—Zat. currus. 

Eng. to carp, carp-et: from Welsh, carpi-aw, carp (vellus); Irish, cearb 
— Lat. carp-o. 

Eng. cup; M. G.kiib-el: from Welsh, ewp-an; Jrish, cup-a—Zat. cup-a, 
xirredXoy. 

Eng. to kiss; HM. G. kiissen: A.-Saz. cyse-an: from Welsh, cus-aw— 
Exvce; Sans. kuc. ; 

(Eng. to choose); M. G. kies-en; Gothic, kius-an; A.-Saz. ceos-an: 
from Welsh, ceis-io—Lat. ques-o. 

Eng. to clepe; M. G. kleff-en; A.-Saz. cliopan: from Welsh, clepio— 
Sans. clap. 

Eng. pail: from Welsh, padell ; Jrish padhal—Lat. patella. 

Eng. pear (M. G. bir-ne): from Welsh per-an— Lat. pirum. 

Eng. peas (Anc. G. ar-bis-a): from Welsh pys—Lat. pisellum; Fr. pois. 

Eng. petty: from Welsh peth, peth-an—Zat. petium; Fr. pet-it. 

Eng. prett-y: from Welsh, pryd-us. 

I am disposed to include amongst those English and German words of 
Celtic origin, even such as, though they have not been left unchanged, yet 
have not been altered in the regular manner. I allude to those words with a 
labial or palatal tenuis, not, as it should have been, in the respective forms 
of f (v) and f, but of 6 and g: for instance,— 

5 Eng. to bake; M. G. back-en; A.-Saz. bacen: from /rish bac-ail-im— 
ans. pac. . 

Eng. bath ; M. G. bad; A.-Sex. bath: from Welsh bath—Sans. path-a. 

Eng. basket: from Welsh, basged ; Irish, basgaod—Sans. pac. 

A,-Sax. beorg; Gothic, bairg (coll. fairguni); M. G. berg: from Jrish, 
peirc— Sans. par-u. 

Eng. bolt; M. G. bolz-e (ef. flitz): from Welsh, pal-adr. 

A. Sax. bil; M. G. beil: from Welsh pil—réAexvs. Sanscr. parac-u. 

A.-Saz. biddan ; Gothic, bidjan; M. G. bitten: from pedi—pet-o. 
lind: bride; M. G. braut; Gothic, bruth- (coll. frij-on): from priod-i— 

ns. pri. 

A.- Sax. gang-an; M. G. gangen: from /rish ceang— Sans. kak, canc. 

A.-Sax gram-o; M. G. gram (coll. harm): from Irish cream-aim. 

MM. G. gau ; Gothic, gau-i: from Irish caci—pagus. 

M. G. gauch (Ang. cock): from Welsh, cog, coeg. 

This effect, however, produced upon the Teutonic languages by their 
contact with the Celtic is not limited to the introduction of a certain 
number of words; but it extends also over a portion of general grammatical 
observances in the etymological and syntactical, as well as in the phonic 
department. I shall not exhaust the patience of this meeting by entering 
on a full examination of all the Celtic influences of such a general kind 
which I think I have detected both in English and German: I shall confine 
myself to the consideration of one of them belonging to the phonic depart- 
ment, which is no other than that very change of articulation of which we have 
spoken, and in which I see the result of an adoption by the Teutonic of a 
peculiarity of the Celtic, which, owing to the primitive, innate difference in 
the character of the two nations and languages, could not be adopted with- 
out producing a complete systematic revolution in the phonic department of 
the Teutonic. The peculiarity of the Celtic, just mentioned, is that curious 
law of transmutation of the initial consonants by which this language is di- 
stinguished from all others. As a correct explanation of this law has not yet 
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found ite way into any of the Welsh and Irish grammars extant*, I shall 
endeavour to give it here in as brief and succinct a manner as possible. 
Whenever a Celtic word beginning with one of the mutes—or likewise certain 
semi-vowels—happens to be, either from composition or syntax, preceded by, 
and at the same time grammatically connected with, another word which ter- 
minates, or anciently did terminate, with a vowel or the semi-vowel n, the 
initial consonant of the word, thus preceded and connected, must accommo- 
date itself, by a systematic change, either in form or shape, of its own articu- 
lation, to that of the vowel or semi-vowel which preceded it: to such an 
effect, namely, that after a vowel, the mute becomes either, under the influ- 
ence of the guttural flatus inherent in all vowels, aspirate (in the common 
English sense of the word+), or, under the influence of their vocal power, 
vocal when it is surd, and a semi-vowel when already vocal ; and, in a similar 
manner, after the semi-vowel n, the mute, either influenced by its nasal arti- 
culation, assumes a nasal sound, or, influenced by its vocal power, turns from 
surd into vocal,— 
For instance: Amplified by the prefix a-— 
The Welsh trev (house, village) becomes a-threv. 
The Jrisk tan (fire) becomes a-than. 
The W. tail (house) becomes a-dail. 
The J. bra (brow) becomes a-bhra (o¢pis). 
Affected with the negative particle di— 
The W. barn (judgement) becomes di-varn, void of judgement. 
The I. gair (word) becomes di-ghair (speechless). 
The W. marw (dead) becomes di-varw (i 
Combined with the word og (young )— 
The J. bean (woman) becomes og-bhean (instead of og-a-bhean), 
young woman, virgo. 
With moner, mor \— lod (instead of 
he W. clod (glory) becomes mawr-g ins of mawr-a ‘ 
The I. clu eames mor-chlu. ‘iet) 
Determined by the feminine article an (instead of an-a), in Irish, and y, 
yr (instead of yr-i), in Welsh— 
The J. bean becomes an bhean. 
The W. ben-w becomes y venw. : 
The W. per-an (pear) becomes y beran. 
The J. peir-e becomes an pheire. 
Preceded by the indefinite auxiliary verb a in Welsh, do in Irish— 
The er — (canere) makes in W. mi a ganav ; in I. (do) chanaim 
cano). 
Affected with the negative particle an—. 
The W. words car (friend), peck (sin) become an-nghar, am-mhech ; 
And with the transitive particle cy (instead of cyn 
The W. tes (heat) makes cy-nhesu (to heat). 


Preceded by the numeral five, W. pump, F. cuig, between which and the 
following noun the genitive preposition n is understood, the Welsh words 
blynedd, diwrnod (year, day), and the corresponding Irish bliadhna, de be- 
come respectively mlynedd, niwrnod (pump niwrnod instead of pump-n- 


* Such an explanation was first indicated by Bopp in his paper ‘ Ueber die celtischen 
Sprachen’ (1838), and was more fully developed by the author of this paper in his review 
of the works of Bopp and Pictet, in the ‘ Wiener Jahrbiicher,’ 1844, June and July; to 
which review we may be allowed to refer the learned reader for this portion of our argument 
as well as for the remainder, and still for the following argument. 

ft Not in the sense of the Greek word dacsia (strong, long). 
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diwrnod) and mbki-adhna, nde (cuig n de): and preceded by the Irish article 
genitive plural na, after which the same genitive preposition ” is understood, 
the Irish words treas, catlleach, pearsa, fear become respectively dreas, gaz- 
leach, bearsan, bear (na bear virorum, instead of na-n bfear). 

The assuming of the guttural aspiration on the part of the consonant 
under the influence of the preceding vowel is the kind of change regularly 
adopted in Irish, whereas in Welsh the vocalization of the mute is now the 
general rule. Itis unquestionable, however, from the gradual and even now 
only partial adoption of this rule in Welsh, that the Irish usage is the more 
ancient of the two, as is still further proved by its striking analogy with that of 
the Dagesh lene in Hebrew, which may serve to corroborate the view, founded 
in the physiology of sounds, that all mutes were primitively allied with gut- 
tural aspirations, and consequently, when they return to that alliance, only 
recover their full original power. With regard to the two kinds of change 
admissible after n, that resulting from the nasal power of the semi-vowel has 
been adopted in all cases by the Welsh; by the Irish only when the initial is 
a vocal mute ; whereas, when it is a surd in Irish, it becomes affected by the 
vocal power of n. The following table will exhibit a comparative view of 
the different changes of the initial both in Welsh and Irish :— 


The whole of the changes of initials effected by x, is in the Irish gram- 
mars known by the name of eclzpsis, which refers more particularly to the way 
in which the transmutation is written in that language, namely, by placing 
the sign of the altered articulation before that of the radical one, which thus 
seems eclipsed by the former: for instance, na gcailleach, bpearsan, bfear. 

The eclipsis is especially interesting, on account of the leading place 
which it takes in the system of Irish declension, its primitive cause there 
being the old Celtic preposition », denoting the genitive, and in Irish more 
particularly the genitive plural, which case, together with the nominative 
singular of the feminine gender, marked by the influence of the (suppressed ) 
feminine ending @ or t, is made, by an ingenious method of combined 
expression for the differences at once of gender, number, and case, to deter- 
mine the entire system (vide examples mentioned above). The suppression 
of the feminine vowel and the genitive 7 in the Irish declension, as well as 
the general suppression, both in Welsh and Irish, of the vowels and the semi- 
vowel , nearly in all cases of syntax where the transmutation of the initial 
consonant takes place, I consider, so far from being a defect in the whole 
system, rather one of its particular beauties, inasmuch as, by distinctly show- 
ing the cause in the effect, it tends to husband the resources of the language, 
while it adds to its energy, and to carry the whole system of transmutation, 
the principle of which consists in a harmonious accordance of phonic and 
etymological distinctions, to the highest degree of perfection. The only 
phzenomenon in universal grammar, known to me, to which this system, in all 
its magical expressiveness can be compared, is the similar one of change of 
vowels in the so-called strong conjugation in the Teutonic languages, the prin- 
ciple of which is to be found likewise in the suppression of a termination which 


* Apocope of a vocal 4, into which g had been transformed. 
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nevertheless is preserved, and as it were reflected, by the altered articulation 
of the inherent vowel of the root. 

The Celtic system of transmuted initials and suppressed suffixes is, how- 
ever, subject to one inconvenience, namely, that by tending perhaps towards 
a too intimate coalescence of the phonic and logical powers of speech, it may 
be more likely than any method of syntactical expression to obscure in the 
mind of the nation the consciousness of those grammatical distinctions to 
which it owes its origin. That such has been the case is evident from all 
the Welsh and Irish grammars extant; and how then can we wonder at the 
misapplication given to this system by the Teutonic tribes? The manner in 
which I think such a misapplication on their part gave rise to their altered 
scale of articulation is this. 

Those combinations of power, quantity, and form in the mute deviating from 
the radical scale, which in Celtic are but of syntactical import, and of occa- 
sional, although of course most frequent occurrence, were adopted as radical 
and permanent by the Teutonic tribes, who took the tenuis in its altered form 
as the basis of a newscale of articulation, radically different from the Sanscritic, 
which they had till then retained. This explanation accounts also, as will be 
easily seen, for the second alteration which the new scale underwent in High, 
German, the latter taking for a basis the vocal tenuis, whereas the Gothic 
had taken the aspirate, which, as we have observed, must be considered the 
more ancient of the two forms of alteration. The Gothic, having adopted the 
th (p*) as the short or feeble, and retained the d as the long or strong dental 
mute, came to adopt the ¢ as the middle (dental media); whereas the Old 
High German, having made the d its short dental mute and tending to follow 
out this new change by a complete deviation from the Gothic scale, took the 
th or ¢ as the long, and the z (ts) as the middle mute.—And perhaps this is 
not the only instance in which the Teutonic mind has been misled, to bestow 
an absolute instead of a relative value on principles derived from the Celtic 
nation. 

The therd argument in favour of the study of the Celtic, on which we are 
now about to enter, refers to its general linguistical bearing, as a highly im- 
portant member both of the family of human languages in general, and more 
particularly of the so-called Japhetic or Indo-Teutonic stock. One of the 
grandest results of modern comparative philology has been to show, that all 
languages belonging to one stock—and we may even say, enlarging this 
view, all languages of the earth—are but scattered indications of that primi- 
tive state of human intellect, and more particularly of the imitative faculty, 
under the highest excitement of poetical inspiration, in which the language 
originated, and with which every language remains connected as well through 
the physiological unity of the human race as through the historical unity of 
the family to which it more especially belongs. Of the divine art by which 
man in that happy primitive state of intellectual activity was enabled to un- 
derstand the world and himself by means of imitative movements of his 
voice, and, at the same time, of the sacred treasure of ideas thus embodied in 
sound with which he then became entrusted, a certain portion only has been 
preserved and developed by each family of the human race, in accordance 
with its peculiar character and history, its virtues and defects. The most 
beautiful portion is undoubtedly that which has fallen to the lot of the Ja- 
phetic family ; but this again has been divided amongst several nations, each 
of which possesses but one dialect of the great Japhetic language, and this but 


* The peculiar sound of the Gothic (and English) b does not form an objection to this 
fact, since this sound is but the result of a local coalescence of the ¢ with the guttural flatus, 
the latter having accommodated itself to the former by becoming dental. It is by a similar 
process that ph and 4h coalesce and pass respectively into f (¢) and ch (x). 
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fragmentary and imperfect, and in many of its parts not intelligible without a 
comparison of the sister dialects. 

It will be known to most of my hearers, that the Japhetic family of lan- 
guages, on which the labours of modern philology have been chiefly employed, 
and of which Bopp, in his Comparative Grammar, may be said to have given 
the first etymological analysis, comprises, as exhibited in his work, the 
seven following dialects—the Sanscrit, Old Persian, Greek, Latin, Lithua- 
nian, Sclavonic and Teutonic. It will be known perhaps also, that in conse- 
quence of the works of Dr. Prichard and M. Pictet*, the Celtic has, since the 
appearance of Bopp’s Comparative Grammar, been acknowledged as the 
eighth of these sister languages, the entire circle of which, and thereby the 
comparative understanding of each of them, seems thus completed. Traces 
of the new light, which has been thrown upon this family by the acknow- 
ledgement of the Celtic as one of the Indo-Teutonic dialects, may already 
be perceived in several works of modern philology, particularly in the last 
edition of Bopp’s Dictionary. One great prejudice however seems still to be 
clinging to the school to which we owe the scientific demonstration of the 
affinity of the Celtic with the Sanscrit—intimately connected perhaps with 
that very accuracy and soundness in its method of investigation for which 
we admire it—which has hitherto prevented that demonstration from 
yielding all the immense advantages which science had reason to expect 
from it. I mean that the writers of this school are as it were chained 
down to regard the Sanscrit both as the historival and philosophical se 
plus ultra of the comparative grammar of the Japhetic dialects, and by 
an exclusive system of minute references to this “ Indo-Teutonic mother- 
tongue,” as they call it, have lost sight of any stage of human speech, inde- 
pendent of, and perhaps anterior to the Sanscrit, which may be involved 
in one of its sister dialects. In examining the Celtic, Pictet and Bopp easily 
discovered that this language, while in one portion of its grammatical usages 
it exhibits a systematic affinity with the Sanscrit, in another exhibits an 
evident estrangement from it. But Pictet, instead of beginning hie analysis 
with a comparison of these two portions, which he would thus have found to 
form one inseparable living whole, limited himself to the analysis of the San- 
scritic portion, putting aside the other as a mere secondary admixture, the 
result as he supposed of accidental contact with one of the non-Japhetic 
languages ; and by so doing he placed himself in a position that could not 
but lead to a misinterpretation of many features of even the Sanscritic por- 
tion. Bopp, on his part, though he did enter on the analysis of the non- 
Sanecritic portion, yet having confined his view to some isolated features— 
particularly the Irish dectension—and having examined even these only under 
the influence of his Sanscritic prepossessions, detected in them nothing but 
mutilated and degenerated forms of his favourite tongue, whereas he might 
have seen that the Sanscrit, in several of these very features which he ana- 
lysed, exhibits, if not mutilated forms, at least the caput mortuum of a 
Celtic element. 

Of the leading features in which the Celtic differs from the Sanserit, we 
have already mentioned and explained one, belonging to the phonic depart- 
ment, namely, the transmutation of initials: another belonging to the same 
departinent is the transmutation of vowels, which is regulated by laws similar 
to, but much more fully developed than those which determine the transmuta- 
tion of primary and secondary vowels (Umklang and Abklang, or, with 
Grimm, Umlaut and Ablaut) in the Teutonic. 

The moral principle of language in which originate both these features 

* De |’Affinité des Langues Celtiques avec le Sanscrit; par Adolphe Pictet. Mémoire 
couronné par l'Institut. Parie, 1837, —. 
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ness: flexibility, elasticity, analytical distinctness—and are n ee the : 


qualities which most nearly represent the character of the whole Celtic 
nation ?——-But the idea I have touched upon in the phrase analytical di- 
stinctness requires some farther explanation, for which I must solicit the kind 
attention of my hearers. 

When we compare our modern European languages, the English and 
French for inatance, with the ancient, especially the Latin and Greek, we 
are struck by one marked difference in their grammatical characters, namely, 
the different manner in which they express relative or incidental notions or 
ideas, By the term relative or incidental we designate and distinguish 
from the other great class of notions, which we call substantive, all those 
notions or ideas which, at the same time that they exclusively represent phee- 
nomena of a certain general and categorical meaning, moreover represent 
each of them, not with reference to itself, but only to two or several other 


phzenomena which of course always belong to the class of substantive notions. 


For instance, in the sentence, the horse is struck by a spear,—equus tangitur 
telo—the three substantive notions of which, as of its substantial elements, 
the proposition is composed, are expressed by the words horse, struck, spear, 
whereas the four particles the, is, by, a, express the relative or incidental 
notions of the sentence, which evidently does not receive from them the 
addition of any new independent element, but merely the connexion and de- 
termination of the three above-mentioned. And the equivalent Latin sen- 
tence which I have mentioned will at once have directed the attention of 
my hearers to the nature of the difference which we have stated to exist be- 
tween ancient and modern languages, in expressing relative or incidental 
notions. The notions in the above sentence belonging to that class are in 
English rendered by four separate and auxiliary words placed beside the prin- 
cipal, whereas in Latin they are rendered through the tnflexion, as it is gene- 
rally called, of the latter. But what is inflerion? It is a system of etymolo- 
gical combinations, by which any one of those elementary parts of imitative 
articulation which (by a metaphorical term referring to the analogy existing 
between the development of plants and words) are usually called rooés, and 
more especially any one of those roots which express substantive ideas, and 
which for this reason we may call substantive roots, becomes, in connected 
speech, regularly allied with one or several of another class of roots which 
differ from the former, both in form and meaning, the one being generally 
slighter than that of substantive roots, and consisting not, as most of those, 
in a double, but in a simple articulation, the other (the meaning ) being always 
that of an incidental or relative idea. The place occupied by the tzeidental 
root may be either before or after the substantive root» in the former case 
it is called prefix, and in the latter, which is by far the more general, suffiz. 
And having thusdefined the term inflexion—which in a more appropriate sense 
refers particularly to the mode of interchange which takes place between 
several incidental roots as becoming alternately attached to one substantive 
root—we may say that the great difference alluded to, between ancient and 
modern languages, consists in the former expressing incidental notions by 
jiary words, and the latter by auxiliary roots: for instance, in the ex- 
ample above given, the notions expressed in English by the words the, ts, 
by, a, are expressed in Latin respectively by the three suffixes (one of them 
double) us, s¢-u7, o. 
The comparative advantages and disadvantages of these two methods may 
be easily understood. The one, uniting the incidental with the substantive 
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And thus also, to mention an instance which I have already alluded to, 
the word n, which, alternating with m (and undoubtedly identical with the 
word m, ma, place), serves in Egyptian as a preposition to denote all cases, 
though particularly the genitive, serves in Celtic (where it is generally con- 
tained, as we have seen, in the transmutation of the initial) to denote exclu- 
sively the genitive, and more particularly the genitive plural, to which in 
Sanscrit, Greek and Latin, it has been regularly limited: e.g. Egypt. nef n 
anach, breath of life; sont n ataf, avenger of his father; fitw m ah-aya, four 
(of) oxen.— Welsh, Caer-n-arvon, town of Arvon; ar-n-av (vide supra), 
saith niwrnod (instead of “saith n diwrnod,” septem dierum).—ZIrish, iar 
n-dilinn, after the deluge (originally, tn the back, west, of the deluge), na-n- 
dia (pronounced na-n-ia), of the days.—Sanse. diu-n-am.—Lat. die-r-um 
(coll. Old High Ger. kep-dn-o ; A.-Saz. giv-en-a, of the gifts). 

Now, weighing all these. affinities of the Celtic with the Egyptian on the 
one side, and the Sanscrit on the other, I believe we may be justified in say- 
ing that it occupies a place in history between both, and marks an interme- 
diate stage in the development of human language, and more especially of 
the Japhetic, between the analytical fluidity of its genial infancy and that 
beautiful synthetic consistence, so to speak, of its vigorous maturity, as we 
find it represented in the Sanscrit. 

The intermediate position which we have assigned to the Celtic, with re- 
spect to the different epochs of the Japhetic languages, it still holds, as re- 
gards the relation of this family with the Semitic and Finish, both of which 
participate in many of its non-Sanscritic features. It appears to be also by 
this interval relationship, much more than by external contact, that we must 
explain the resemblance of many Celtic elements with those of two languages, 
both of which seem to belong to a Celto-Finish branch, I mean the Basque 
and Etruscan*. 

And if at present, once more passing our eye successively over the fields 
of ethnology, history of language and philosophy of grammar, we take one 
full view of all the light which falls on them from the study of the Celtic, we 
may perhaps find it excusable, that the Celtomanians were so much dazzled 
by it as to fancy that in that language they had discovered the mother-tongue 
of mankind as well as the key of all worldly and divine science; though all 
that they have achieved in carrying out their fancies has certainly been only 
to obscure, and for a long time to discredit, that very study to which they 
attached such supreme importance. 

Asa fourth argument in favour of that study, and perhaps the most weighty 
of all, I might add, the access which it opens to the study of modern 
Celtic literature, a literature as interesting in an artistical as an historical point 
of view, and which, by a long series of pvetical and historic works, some as 
ancient perbaps as the fifth century of our era, and all abounding in the 
genuine features of native art and inspiration, exhibits the Celtic origin of 
two of the principal elements of modern European literature, rhyme and 
allegorical romance. But the very copiousness of this subject forbids me 
to enter upon it on this occasion. 

I shall conclude this discourse with the fervent hope, in which I sincerely 
trust my hearers participate, that the two dialects of this highly important 
and beautiful language, still extant in the island of Pryd, may never cease to 
subsist, but may be maintained, both by their own vital energy and by the 
enlightened care of the government, as constituting one of the most pre- 
cious, as well as most ancient gems in the Imperial Crown. 

* As regards the advantage which may be derived from the Celtic for the elucidation of 
the Etruscan, vide the article last quoted in the Minchner Gelehrie Anzeigen. 
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On the Relation of the Bengali to the Arian and Aboriginal Lan- 
guages of India. By Dr. Max MUuuER. 


Tux interest which the Bengali language presents to oriental scholars, and 
which induces them to devote their time to the study of this Indian dialect, 
may be viewed under three different heads, as practical, literary, and lin- 
guistical. 

On the frst point, it is hardly necessary to enter into any details. The 
English people, who have been called to rule the destinies of more than a 
hundred millions of souls in the East, one-tenth of whom make use of the 
Bengali as their vernacular dialect, have well understood the duties of those 
who have been appointed to govern this great oriental empire. Great exer- 
tions have been made to give sufficient training to those who are destined to 
execute the various duties connected with the internal government of India ; 
and it has not been thought enough that they should receive such an education 
as would entitle them to employments in their own country, but it has been 
felt that it was peculiarly incumbent upon them to study the languages of the 
people over whom they were to be placed, not as the sons of a foreign and 
conquering nation, to raise taxes, to punish disobedience, and to suppress 
every trace of national feeling, but as men devoted to the higher object of 
inspiring confidence, of winning affection, and of promoting for the benefit 
of the native population the benign influence of European civilization. 
With this view of the mission which the English people have been desirous 
of fulfilling in India, it could not be considered enough for an officer to 
understand just so much or so little of Persian and Hindustani, as to deci- 
pher representations and complaints, or to convey official decrees to a sub- 
ject people. For though these two languages may have some claim to be 
regarded as the official languages of India, particularly among the higher 
classes of the natives, yet they are, like the French in Europe, unknown to 
the great mass of the population, and of little use therefore for the ordinary 
purposes of daily life. Although, then, a prejudice may have prevailed 
for some time against the study of the vernacular dialects spoken in the 
large and densely peopled districts of India, it was soon acknowledged, that 
for local communication and for an immediate and effective intercourse with 
the people, a knowledge of provincial languages like the Bengali, Marathi, 
Telugu, Tamil, Carnatika and Cingalese, was of no less importance and 
necessity than that of the more fashionable Persian and Hindustani. 

But, as Professor Wilson, the distinguished president of our Section, whose 
name is as much cherished by the natives of India as it is esteemed by the 
learned men of Europe, well remarks, it is not enough to understand the 
language of a people ; the people themselves must be understood with all their 
popular prejudices, their daily observances, their occupations, their amuse- 
ments, their domestic and social relations, their local legends, their national 
traditions, their mythological fables, their metaphysical abstractions, and their 
religious worship. The best means of acquiring such a knowledge is gene- 
rally to be found in the literature of the people. It is however necessary to 
confess that upon this point, namely, the literary interest of the language, 
the Bengali is poor, and inferior in this respect to most of the other ver- 
nacular languages. There existed, indeed, scarcely anything worthy to 
be called literature in Bengali before the settlement of the missionaries in 
Bengal, and it is due to their unwearied exertions that the Bengali has be- 
come in any sense a literary language, and has arrived at a certain degree 
of grammatical regularity. Nor need we be surprised at this, when we 
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remember that in Bengal, the Sanscrit, though no longer a living and 
spoken language, continued to be employed as the learned language by every 
literary man, just as in Europe for many centuries we meet with scarcely 
any literary composition in the language of the people, while voluminous 
works were composed and circulated in Latin, then in a great measure a 
dead language. 

But though it has been customary for a long time to appreciate the value 
of a language by either its merely practical use, or by the interest which its 
literature was capable of exciting, yet the study of languages has, parti- 
cularly in jatter days, taken a new turn, and instead of considering a Jan- 
guage only as a useful instrument for social conversation or literary amuse- 
ment and instruction, men begin at length to understand that language has 
of itself an intrinsic value, which recommends its study to all those who 
think it a worthy occupation to investigate the nature of the human mind 
in its first and primitive manifestation by language, and in the historical 
progress and individual developments of it, preserved to us in the num- 
berless branches of human speech. This study, usually called Comparative 
Philology, has taken for its base the analytical comparison of the gram- 
matical and etymological structure of language in different countries and 
ages, and has succeeded, by pointing out striking affinities as well as cha- 
-racteristical discrepancies, in arranging the languages of the most prominent 
nations of the world into great families, which have spread from the south 
to the north in many and diverse fornis, though at the same time united by 
unextinguishable marks of a former unity and affiliation. With this dis- 
covery, a new era in the history of philology has arisen, and it is India 
which, by its ancient language, the Sanscrit, has placed the Ariadnic thread 
in the hands of European scholars, like Rask, F. Schlegel, W. von Hum- 
boldt, Bopp, Burnouf, Grimm and others, who were endeavouring to find 
their way through the intricate paths of the labyrinth of human speech. 

It is therefore no exaggeration to call Sanscrit the language of languages, 
since it is only by means of it that we have arrived at any real understand- 
ing of the other languages as languages, and since it is the Sanscrit chiefly 
which has made those Janguages speak out distinctly, and has unveiled to us 
their real origin, character and meaning. Sir William Jones, when he first 
became acquainted with the Sacred language of India, said, ‘* The Sanscrit 
language, whatever be its antiquity, is of a wonderful structure; more per- 
fect than the Greek, more copious than the Latin, and more exquisitely re- 
fined than either, yet bearing to both of them a strong affinity;” and it 
would be difficult to characterise this language better than in the words 
of Mr. Brian Hodgson, who was so long resident in Nepal, “ that it is a 
speech, capable of giving soul to the objects of sense, and body to the 
abstractions of metaphysics.” 

The great advantage however which Sanscrit offers to the study of Com- 
parative Philology, consists not only in the perspicuous originality of its 
grammatical structure, and in the rich variety of its etymological deriva- 
tions, but in the opportunities which it affords to us of following the history 
of a language through all the stages of its development, from the early 
period of its Vedic Inspiration, through that of its Epic poetry; its didactic 
moral and legal compositions ; its philosophical speculations, dramatic repre- 
sentations and lyrical effusions, down to that which may be called its Alex- 
andrine period, and the age of the final extinction of all its vital principles ; 
while even then it exhibits a new and not less interesting phasis, by exhibit- 
ing to us the most striking and instructive analogies with the origin and 
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development of what we generally call the Romance languages. For, as the 
old language of Rome and Italy, after losing its vital strength and expressive 
power, and after enterimg into a state of entire stagnation and putrefaction, 
formed thereby a kind of mould, or as Chevalier Bunsen has called it yes- 
terday, a kind of humus, from which again a variety of other languages 
sprung up, full of new life, and fit to serve the intellectual wants of a new 
age, so we eee in India different modern dialects arising from the tomb of 
the Sanscrit language. 

Among these new languages the Bengali has the highest claims on our 
attention, because it has preserved a closer affinity to the Sanscrit than any 
one of the other derived languages. 

All the languages now spoken in India, with the exception of the dia- 
Jects of some savage Vindhya tribes, may be divided into two great 
classes, viz. those of the north and those of the south, of which the northern 
have strong claims to an Indo-Germanic origin, while the southern seem to 
be more closely connected with the language of the aboriginal and non- 
brahminical inhabitants of India, modified to a greater or less degree, par- 
ticularly in their literary employment, by the influence of the dominant 
Sanscrit. But even in the north of India, and among a people who, immi- 
grating into this country, brought with them their own language, religion 
and civilization, there existed many dialectic differences which are not to 
be considered as mere corruptions from the Sanscrit, but as independent 
contemporaneous idioms. These are generally called the Pracrit dialects ; 
and some of them have their own peculiar name, derived from the countries 
wherein they were spoken, as for instance, the Sauraséni, the language of 
Surasena, the Sdérasvata, spoken on the banks of the Sarasvati, the Ma- 
gadhi or Pali, the language of Magadha, and probably the dialect spoken — 
in this country at the time when the Buddhistical religion took its historical 
origin, and therefore employed by the founders of that system, who, ad- 
dressing themselves to the people, were obliged to use the native language, 
instead of the then already obscure idiom of the sacred books of the Brah- 
mins. It may be observed that in the Vedic hymns also, which belonged 
to different Arian families and congregations who settled in India, some dia- 
lectic differences and many grammatical discrepancies occur, which some- 
times bear a slight resemblance to Pracrit forms; a fact, of which my learned 
friend Dr. Weber, who has promised an edjtion of the Yajurveda, intends to 
afford ample proofs from the hymns and Brahmanas of this Veda. As far 
however as our knowledge goes at present, we must consider the Sanscrit 
of the Vedas, together with the whole classical literature of the Hindis, as 
a language dialectically differing from the Pracrit, though both branches de- 
rive their origin from the same source. They stand to each other in a rela- 
tion similar to that in which the High German stands to the Low German, 
that is to say, they proceed with a sort of parallelism, sometimes approach- 
ing each other very nearly, sometimes diverging considerably, so that a 
person speaking the one would find great difficulty in understanding the 
other at first, yet, if living in the same place, with frequent communications 
with the people who were speaking the other, he would find much greater 
facilities in acquiring a knowledge of this dialect than of any really foreign 
language. 

This must, indeed, have been the fact in India. First, we see at the time 
of Buddhism, people in daily intercourse speaking these two languages ; 
then we are told that the author of the most famous Pracrit grammar, Katyd- 
yana, “as the same who wrote additional notes to the great work on Sans- 
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crit grammar by Panini, his contemporary or immediate predecessor; and, 
finally, we find in one branch of Sanscrit literature, which was more than 
any other destined for the higher as well as for the lower classes, vis. 1n 
the dramatic compositions, a constant mixture of Sanscrit and Pracrit dia- 
lects, which unfold there an unexpected wealth of melodious poetry. 
Strange as such a combination of different dialects may seem, we find a 
similar fact in Italy, where each of the masked persons in the Comedie dell’ 
arte was originally intended as a kind of characteristic representation of 
some particular Italian district or town. Thus Pantaleone was a Venetian 
merchant, Dottore a Bolognese physician, Spaviento a Neapolitan bragga- 
doccio, Pullicinello a wag of Apulia, and Arleckino a blundering servant of 
Bergamo. Each of these personages was clad ina peculiar dress; each 
had his peculiar mask, and each spoke the dialect of the place which he 
represented. Besides these and a few other such personages, of which at 
least four were introduced into each play, there were the Amorosos and 
Inamoratas, that is, some men and women who acted various parts with Sme- 
raldina, Colombina, Spiletta and other females, who played the parts of ser- 
vetias or waiting-maids. All these spoke Tuscan or Roman, and wore no 
masks. 

All the Indian dialects, which under their ancient form are hardly sur- 
passed by the Sanscrit itself in the copiousness and originality of their 
grammatical forms, had, as the language of a great portion of the people, 
an ever-increasing influence upon the modern languages of India, and 
entered largely into the formation of almost all the spoken dialects in the 
north, while in Bengali, except some analogous corruptions by contraction 
and assimilation, which every language undergoes in the mouth of a people, 
there are very few traces of the Pracrit dialects. I consider therefore the 
Bengali, as the modern Sanscrit standing to its parent, the old and classical 
Sanscrit, almost in the same relation as the modern High German to the old 
High German, as the modern Italian to the language of Rome. 

The differences which I have tried to point out in the course of my gram- 
matical analysis of the Bengali language, are chiefly these: the great variety 
of suffixes and internal changes of words, which served to express the different 
local and causal relations which one object may have with another, that is, 
the whole system of the ancient declensions is almost entirely lost, because 
the people corrupting the form and forgetting the proper meaning of those 
formative syllables could no longer express by them what they wished; 
they substituted therefore for them new and expressive suffixes, employed 
prepositions, and had recourse to compounds, in order to express an idea 
which the older language was able to express by the simple changes of a 
vowel. The same thing took place in the system of conjugations, where 
the old and simple forms were, with few exceptions, superseded by peri- 
phrastical formations. Besides, the meanings of the words were themselves 
subject to the same influence ; they became emaciated and debilitated, and 
after losing soul and body, were degraded into a kind of conventional money, 
like paper currency, well adapted fora modern age. In the same manner, 
as we hardly feel what we are expressing, for instance, by the words “| 
thank you,” words, indeed, which have become a mere conventional phrase 
or sound, in uttering which we do not reflect that they originally mean, 
“I shall think often of it ;” the natives of Bengal say kitojno or somboddho hoy. 
In the ancient language, however, Kritajnah expresses still the real mean- 
ing of knowing (jnah) what has been done (krita), and sambaddhah, if the 
word was at all employed in this sense, bad still the meaning of being bound | 
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to a person, while in Bengali it is nothing more than the modern English 
phrase, “ very much obliged.” 

I do not pretend at present to enter more into this subject, which can 
only be sufficiently elucidated by laying down general principles and rules 
for the origin, development, transitions, and combinations of the ideas re- 
presented by words, the affinity of which has been proved by historical 
comparison; but I do not consider the object of comparative philology 
fully attained, unless, like the changes of vowels and consonants, general 
analogies and natural laws have been deduced for the formation of the 
Meaning in roots and words which belong to one common stem. For, as 
Locke has said in his Essay concerning Human Understanding, “the con- 
sideration of ideas and words, as the great instruments of knowledge, makes 
no despicable part of their contemplation, who would take a view of human 
knowledge in the whole extent of it; and perhaps if they were distinctly 
weighed and duly considered, they would afford us another sort of logic 
and critic, than what we have hitherto been acquainted with.” 

The question about the origin of the dialects now spoken in India has 
occupied the attention of many of the moat distinguished Orientalists. 
Colebrooke, in his article on the Sanscrit and Prakrit languages, does not 
give his opinion quite clearly about the distinction which is to be drawn be- 
tween the northern and southern dialects, a distinction which was afterwards 
established by the ingenious Essays of Ellis. Afterwards, whenever a ques- 
tion arose about the languages now current in India, the constant answer has 
been, without contradiction, that the languages spoken in the north are of 
an Indo-Germanic descent, while those in the south belong to a different 
stock. The best proof of the Suanscrit origin of these northern Indian dia- 
lects was considered to lie in the great number of words adopted from the 
Sanscrit, which amount in Hindi and Bengali to nine-tenths, and even in 
Marathi to four-fifths of the words contained in the dictionaries of these 
languages. Although such a computation of the lexicographic means of 
languages would seem to have settled the question definitely, yet we must 
confess that the method of proving the common origin of languages by a 
mere compttation of similar words is not quite in accordance with the prin- 
ciples laid down by the modern school of linguistic philosophy. 

The great progress in the study of languages, accomplished in our 
century, has been, to find the distinctive character of a language, not so 
much in the copia verborum, as in the grammatical structure of the 
language itself. It is the discovery of this principle which has led the 
founders of comparative philology to those triumphant conclusions, by 
which they have brought idioms distant in time and space back to one 
source and to one general principle. Comparisons which in the last century 
were considered as undeniable, as mors, ydpos, mord, are now looked upon 
as untenable, not so much because these words do not point to the same 
origin, but because the way in which they have been derived grammatically, 
and developed logically, can now be proved to have been quite a different 
one in the different languages. 

By finding out the living principle of language, by tracing the operative 
power of it, as the formative element of speech and as the real organ of 
thought, all the sciences connected with the study of language, like mytho- 
logy, ethnology and archeology, have taken quite anew turn. If mytholog 
is not any longer to be considered as an invention of poets or as an imposi- 
tion of priests, but if we find in it, at least in its most ancient and most 
original part, a representation of ancient thought, expressed and fixed in 
ancieut language ; if mythology may now be looked upon as a petrifaction of 
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the first efforts of the awakening conscience of the human race, the gigantic, 
sometimes sublime and sometimes monstrous forms of which must be reduced 
to their simple form and true meaning by the general laws of language and 
thought, just in the same manner as comparative physiology reduces the 
stupendous forms of antediluvian fossils to the laws of the living species to 
which they are found to belong—then we must give up theories which have 
prevailed for centuries, as that of deriving the mythology of Greece from 
that of Egypt. For as far as the language of these two countries is different 
in all that constitutes their respective peculiarity and character, so far the 
mythology of Greece is different from that of Egypt. In that country, where 
etymology has found the roots and the most primitive and transparent form 
of the grammatical system of the Greek and Latin languages, mythology 
will find the first formations and the very genesis of their religious systems. 
In order to succeed, however, such an inquiry must be based upon sound 
and historical principles. It can lead to no satisfactory conclusion, to com- 
a secondary formation of Indian mythology like the system of the 
urénas with the mythology of Homer, which although on many points more 
ancient than the Puranic mythology, is nevertheless not to be considered as 
a primitive one. But if we go back to the oldest form of Indian mythology 
which we find in the Vedas, if even then we divest the old Vedic conceptions 
of all that is accidental or secondary in them, then we may expect—not in- 
deed to find Greek or Latin mythology any more than the Greek or Latin 
language—but at all events to come nearest to the focus from which mytho- 
logical ideas took their first beginning, following afterwards in their develop- 
ment the individual and national development of the different branches of 
the Arian stock. 

In the same way as comparative philology has formed this new basis for a 
true appreciation of mythology, it has also given quite a new feature to 
ethnology and archeology. It has become possible to arrange the most 
prominent nations of the world into great families, on the ground of the 
connection between the languages spoken by them, and particularly according 
to the grammatical genius of these languages. And if we look at those im- 
portant discoveries, which partly have been made, partly are still preparing, 
in reference to the old history and archeology of the empires of Baby- 
lon, Assyria, Media and Persia, how could these grand results have been 
achieved without the aid of a thorough knowledge of general and compara- 
tive grammar? If we compare the manner in which, at the beginning of this 
century, a man of the name of Lichtenstein tried to decipher the inscriptions 
of Babylon, merely by the similarity in the shape of letters and the supposed 
similarity in the sound of words with a Semitic idiom, with the system upon 
which similar studies are now conducted by men like Burnouf, Lassen, Rawlin- 
son, Hincks and Benfey, we must admit that linguistic science has created quite 
a new field for these archeological inquiries. For when once we know to 
which family of languages the idiom of these old inscriptions belongs, the 
grammatical forms themselves, as they may be determined by approximative 
conjectures, become an instrument for deciphering the alphabet, and particu- 
larly the vocalism of the old language. It is true that till at present this has 
been achieved with the Iranian inscriptions only, when all the latest dizcove- 
ries concerning the peculiar character of many letters and the whole system 
of inherent vowels have only been arrived at by means of a thorough know- 
ledge of the Iranian grammar. But the light begins to dawn also upon the 
rocks of Van and the ruins of Babylon; and if we may judge by faint 
glimpses, the language of the one will be an Indo-Germanic one, while that of 
the other points more to a Semitic origin. 
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If then it is true that the grammatical system constitutes the character of 
a language, and assigns to every idiom its proper place in relation to other 
languages, we must admit that for the modern Indian dialects little has yet 
been done to prove their Indo-Germanic origin. The consequence of this has 
been, that the hostile spirit of a party, which has been working for the last 
years, particularly in India and in this country, to attack all the theories of 
Sanscrit antiquarians, has chosen the modern languages of India as a weak 
point, in order to prove that, as they have no connexion by their grammatical 
system with the pretended old language of India, the Sanscrit, this sacred 
language itself has never exercised any real influence upon the people, just 
as they have tried to prove that the literature, the religion, morals and philo- 
sophy of the Brahmins have never historically existed but in the hands of 
some foreign immigrating priests. 

This has been a natural reaction against another system, which in its 
enthusiasm for Brahminism was as unscientific as the other, and which saw 
Brahmins, Brahminical wisdom, mysteries and religion, not only in every part 
of India from the remotest time, but which found Brahmins as the founders 
of civilization over the whole world, connected not only with the religious 
systems of Egypt and Greece, but even at the bottom of the Christian doc- 
trine. Instead of this ubiquity, which was formerly ascribed to the Brahmins, 
we find it difficult at present, if adopting the views of this anti-Brahminical 
school, to assign even the smallest place in India to them; so that at last, if 
they do not submit to become antediluvian Buddhists, they will be exiled int o 
the plains of Tartary, from where we are taught now that the grammatica 
system of the spoken Indian dialects took its origin. 

But, as I have said before, I consider this negative tendency as a natural 
reaction against many too positive assertions, which have been current with- 
out sufficient proof. I think even that, as in every other branch of science, 
this sceptic and negative spirit, which has called into doubt the most im- 
portant and fundamental points of Indian antiquities, has caused a great deal 
of good, by calling forward new inquiries and deeper researches. Nor do I 
deny that the principle upon which the intentions of this negative school are 
professedly based may be a wise and philanthropic one, in so far as they be- 
lieve that, by proving Brahminism to be neither unfathomable in its antiqutiy 
nor unchangeable in its character, it may be allowed to infer that by proper 
means, applied in a cautious, kindly and forbearing spirit, such farther changes 
may be effected as will raise the intellectual standard of the Hindus, improve 
their moral and social condition, and assist to promote their eternal welfare. 
But, after all, an independent, historical and philosophical inquiry into the 
origin, antiquity, and the development of Indian civilization has nothing to 
do with political and moral considerations ; and if English Christian mission- 
aries want to find precedents for the changeableness of the Brahmiuical reli- 
gion, they will have a much better case by proving historically the influence 
which the Buddhist belief has produced on the anterior system of Brab- - 
minism, than by asserting that Brahminism has never existed as the religion 
of the people before the rise of Buddhism. 

In the scarcity of historical documents for deciding such questions, it has 
always appeared to me that the language of India itself, in the different forms 
under which it appears to us during its historical development, would be the 
best, and sometimes the only means of giving to such questions a definite 
answer. If after a lapse of two thousand years any one should attempt to 
prove that the Christian religion has always existed from the earliest time in 
Europe, that documents written in Italian were to be considered as the real 
documents of the Christian doctrine, and that other documents, if written in 
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Latin, were only to be considered as written in a language which had been 
derived and put together (sanskrita) artificially by learned priests, but that 
this language itself had never been the language of a people living on the 
same soil with a different religion before the rise of Christianity, it would 
still be questionable whether, even in the supposed absence of all historical 
evidence, a philosophical view of the nature of language would admit such a 
theory. This however is exactly our case in India. Pali—which, by the soft- 
ness and melodiousness of its phonic system, and the simplified development 
of its grammatical forms, stands to Sanscrit in the same relation in which 
Italian stands to Latin,—is given out by many as the old language of India. 
The most ancient inscriptions are in Pali, and it is the language of a great 
number of religious books containing the doctrine of Buddha. If other books 
of the same religion are written in Sanscrit, this Sanscrit shows evident traces 
of an artificial development, just as the Latin of the fourth and fifth century 
shows that it is no more the language spoken by the great mass of the people, 
but only employed as a learned and sacred language. Now, admitting even 
for argument sake, that all other internal proofs were wanting of the Christian 
doctrine having been addressed to people who had been living for centuries 
on the soil of Italy, having their own heathenish religion and their own old 
language, I think that the very fact that some of our religious books are 
written in an evidently learned language, while others are written in a spoken 
language, the whole grammar of which gets organically intelligible only by a 
-reference to that learned language, would go far enough to prove that this 
learned idiom was at the time of early Christianity a dead or dying language, 
and must therefore have been a living one many centuries before. And if 
then good fortune should have preserved to us the books written in Latin, 
but in a Latin like that of Ennius and Plautus,—in a language full of life, 
of individuality and organic irregularity, which is as far from the ecclesi- 
astic Latin as the language of Plautus from the Latin of schoolboys; if this 
should be the case—and it is exactly the case in India, when we substitute 

Veda for Ennius and Purdna for Patres—then, I think, a sound philosophy 
‘of language would not hesitate for a moment to admit the precedence of an 
old Latin as well as of the Sancrit, merely on the ground of evidence lying 
in the language itself. 

Although, therefore, I admit that some questions may still be to be 
answered and some doubts to be removed concerning the relation of Buddh- 
ism to Brahminism and of P&li to Sanacrit, yet I think that by the latest 
researches of Indian scholars like Wilson, Burnouf and Lassen, it has been 
established that the Brahminical people have brought at an early period the 
light of civilization into the plains of India; that their language was the lan- 
guage of the nation, though varying in different popular dialects; that their 
religion constituted the groundwork of the Indian warship, though modified 
by local traditions; that their laws and manners formed the social ties of 
the Indian world, though often in struggle with heterogeneous elements. 

But nevertheless new efforts have been made to prove, on the very 
ground of language, that the present nations of India are to be considered 
as altogether free and emancipated from Brahminical influence. For if 
language constitutes the spirit of a nation, and if the spirit of a language 
lies in its grammatical system, it would certainly be a startling fact, if it 
could be proved, that the whole grammatical system of the modern lan- 
guages of India has nothing to do with Sanscrit grammar. And this they 
have tried to prove, taking for their base the opinions of comparative philo- 
logists, who have admitted that the whole system of declension and conjuga- 
tion in Bengali and the other Indian dialects is unexplainable by the rules 
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of Sanscrit grammar. Schleiermacher for instance, in his ‘ Essay on the In- 
fluence of Writing on the Language, says :—“ Or c'est une question de 
savoir si jamais le peuple du Bengale, descendu probablement de ces habi- 
tans primitifa, s’appropriat entiérement le Sanscrit, ou bien s'il ne se format 
pas dés le commencement de son assujettissment 4 des étrangers plus civilisés 
que lui, une langue plus semblable a son idiome actuel qu’au Sanscrit, en 
supprimant les formes grammaticales trop difficiles de celui-ci et n’adoptant 
que les mots. On ne peut pas prétendre qu'il est invraisemblable, qu'un 
peuple tout entier ait accepté l'idiome de quelques prétres et guerriers ; car 
nous avons vu cela seffectuer au royaume d’Assam, qui dans les temps 
anciens doit avoir fait partie des pays Hindous. Cependant plus tard on y a 
eu jusqu’au commencement du dix-septiéme siécle une langue, des livres et 
des institutions semblables a celles des pays au-dela du Gange ; mais alors 
les Brahmans s'introduisirent dans.ce pays, y répandirent leurs doctrines, 
convertirent le roi, et bientét un dialecte Bengale remplaca I’ancien idiome, 
de sorte que celui-ci appartient maintenant presque entiérement aux langues 
mortes.” 

Now one must admit, that if such a fact could be proved, that the gram- 
matical elements of the Bengali are not originally Sanscritic, but belong to 
another system of languages, this would change entirely the view which we 
have taken of the ethnographic and linguistic relations of the inhabitants 
of India, and bring on the same confusion as if it could be proved that the 
grammatical system of the modern Persian was not of an Iranian character, 
or that the English language was not of a Teutonic origin. For why do we 
call the English language a Teutonic one, if not because the Saxons, settling 
in Britain, did not change the grammatical character of their language, al- 
though they adopted many words from the Celtic nation which they sub- 
dued? And why do we not say, that after the Norman conquest the | 
language of England became a Norman language, if not because, though 
overgrown with Norman words, it preserved its own grammatical system ? 
Why are the Romance called Romance, and the Teutonic, Teutonic lan- 
guages ? Because the Teutonic race, when brought into contact with 

oman civilization and language, found in its strongly developed nationality 
sufficient strength to appropriate and incorporate into its language a great 
number of Latin words, without giving up the essentially Teutonic form of 
its grammar, while the Celtic nations yielded to the overpowering influence of 
the Roman civilization, and adopted not only the substantial but also the 
formative element of the Latin language, thus giving rise to new languages, 
which cannot be considered as Celtic idioms, but as branches of the Latin 
language, modified and developed by Celtic elements. 
king then from this point of view at the question about the origin of 
the grammatical forms in the modern Indian languages, I thought it neces- 
sary to take this subject into serious consideration. I was convinced that it 
would be possible, either to account for the heterogeneous influence which 
has been acting upon the languages of the Indian nations, or to find a con- 
necting link between the grammar of the old and modern Indian dialects. 
The results of my inquiry I have laid down in a Comparative Grammar of 
the Bengali Language, and I shall quote thence a few points in answer to 
a theory which has been proposed in regard to the grammatical structure of 
the Bengali language by the Rev. Dr. Stevenson, whose extensive knowledge 
of dialects spoken in India, which he had the opportunity of studying on the 
spot, entitles his views to great attention and careful examination. 

I quite agree with Dr. Stevenson in the manner in which he tries to 

prove that there existed in India an aboriginal language different from the 
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Sanscrit and its dialects, by showing that there are many words in common 
use, especially in the languages of Southern India, that cannot, after making 
every allowance for corruption, be derived from the Brahminical tongue. 
He alleges that there are a great many of the words derived from the Sans- 
crit which are used only by Brahmins, while others of the same meaning, 
but of a different origin, are constantly substituted by the common people. 
He further observes that there are several Sanscrit letters which are never 
introduced into the spoken languages of India, or which, if introduced, 
none but Brahmins can pronounce. Innumerable combinations of letters 
are uniformly deprived of one of their members, or have a vowel interposed 
between the two consonants; and in the south of India several Jetters are 
used that are not found in Sanscrit. Starting from these observations, Dr. 
Stevenson further proves that these elements, which enter so largely into 
the spoken languages of India, cannot be considered as used at random in 
every particular province, but that they are the same, or nearly s0, in all 
the different spoken languages in India. If we can trace, he says, a lan- 
guage wholly different from the Sanscrit in all the modern dialects, the 
northern as well as the southern, after separating also the easily recognised 
importations by the Mahomedan conquerors of India, it will seem to follow 
that the whole region previous to the arrival of the Brahmins was peopled 
by the members of one great family of a different origin. That family may 
have been divided into different branches; one of these may have preceded 
the other in their migrations, yet oneness of language would seem to point 
to oneness of origin, especially since both history and tradition are silent as 
to any wide-spread influence exercised in ancient times by any foreign tribe, 
except the Brahminical. Dr. Stevenson calls the Brahmins a foreign tribe, 
in accordance with indications derivable from the cast of their features and 
the colour of their skin, as well as from their possessing a language which 
none of the natives of India but themselves can even so much as pronounce; 
and the constant current of their own traditions, making them foreign to 
the whole of India, except perhaps a smal] district to the north-west of the 
Ganges. Even in the time of Manu, the whole country to the south of the 
Vindhya mountains and Nerbudda river was inhabited by men who did not 
submit themselves to the Brahminical institutions, and among whom he ad- 
vises that no Brahmin should go to reside. 

So far as these premises go, I quite agree with Dr. Stevenson; and it 
is even commonly admitted that the Brahminical religion and civilization 
were brought into India from without. Professor Wilson has ingeniously 
treated this question in his translation of the Vishnupurana, where he 
comes to the conclusion, that the earliest seat of the Hindés within the 
confines of Hindusthén was undoubtedly the eastern confines of the Panjab, 
and that the holy land of Manu and the Purans lies between the Driskadvati 
and Sarasvat{ rivers, the Caggar and Sursooty of our barbarous maps. 
Various adventures of the first princes and the most famous sages occur 
in this vicinity; and the Asramds, or religious domiciles of several of the 
latter, are placed on the banks of the Sarasvati. According to some autho- 
rities, it was the abode of Vyasa, the compiler of the Vedas and Puranas. 

But in the Veda itself there are many facts which, according to my 
opinion, put it beyond all doubt that the Brahminical people was of an 
Arian origin, who, from Iran, the birth-place of their language, religion 
and civilization, immigrated into India. I hope that this point, as well 
as many others in the ancient history of the Brahminical people, will 
receive a new light by the publication of the Veda. That a knowledge 
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of the sacred writings of the Hindus is indispensable for a true appre- 
ciation of the whole intellectual development of this people, everybody 
admits, for the Veda bears the same relation to Indian antiquities as the 
Old Testament to the Jewish, the New Testament to the Christian, and 
the Korén to the Mahomedan history. The religion, worship and man- 
ners, poetry and philosophy of the Hindis, derive their source in common 
from the Veda, the monument of a religion, which, by its origin, belongs to 
the most ancient, and by its effects to the most important of all the Religions 
with which Divine Providence decreed to begin the great work of the edu- 
cation of the human race. It has often been regretted, that while so many 
editions of dramatic works like Sakontala, of codes of law like Manu, 
of philosophical systems like the Veddnta, have been published, almost 
nothing has yet been done for the Veda. Colebronke’s excellent article on 
the Vedas, or the sacred writings ‘of the Hindus, remained for a long time 
our only source of information upon this subject, and it is possible that the 
opinions of this learned orientalist, while they excited a great degree of 
interest, discouraged at the same time further inquiries. Eclebrooke, who 
is the first authority on Indian literature, says at the end of his essay, 
‘The ancient dialect in which the Vedas are composed, and especially that 
of the three first Vedas, is extremely difficult and obscure; and though 
curious, as the parent of a more polished and refined language (the classical 
Sanscrit), its difficulties must long continue to prevent such an examination 
of the whole Vedas as would be requisite for extracting all that is remarke 
able and important in those voluminous works.” 

But Dr. Rosen, convinced of the necessity of arriving at a complete know- 
ledge and perfect understanding of the Vedas, undertook to prepare an edi- 
tion of the whole Rigveda, and thus withdraw those manuscripts from that ob- 
scurity to which they might otherwise have been consigned for a much longer 
time in the libraries of England. The Rigveda is doubtless the most import- 
ant of the Vedas, because it presents to us the old poems in their original form, 
and as they were conceived by the old inspired Rishis ; while the other two, 
the Séma and Yajurveda, contain only isolated fragments of similar poems, 
digested and amplified in accordance to the requirements of the Indian cere- 
monial. As to the fourth, the 4tharvaveda, it belongs to a posterior period, 
and contains also for a great part hymns of the Rigveda. It cannot be 
sufficiently regretted that the premature death of Dr. Rosen interrupted 
this meritorious undertaking, when scarcely the first of the ten books of the 
Rigveda was printed. Afterwards it was more the result of circumstances 
than the fault of Sanscrit scholars, that an edition of this work has re- 
mained till now uncontinued. I am happy however to announce on this 
public occasion, that all the material difficulties of such an undertaking have 
now been removed by the liberality of the Hon. Court of Directors of the 
East India Company, who have but recently, upon the recommendation of 
our distinguished president, granted a considerable sum for the publication 
of this work, and have enabled me to realize a plan for which I had col- 
lected during several years all the materials which are to be found in the public 
and private libraries of Germany, France and England, without seeing any 
chance of printing so voluminous a work. This very day the first sheet of 
the text and commentary of the Rigveda has issued from the University 
press of Oxford, and I have the pleasure of laying before the committee the 
first copies of it. 

In the hymns of the Rigveda, as I just mentioned, we see the Brahmini- 
cal tribes advancing step by step along the rivers of the Panjéd into the 
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plains of the Holy Land (Brahma-varta) ; we see them at war with mighty 
kings, and often engaged in hostilities with each other, each immigrating 
tribe pushing their predecessors successively more and more down to the 
south. Afterwards we see in the descriptions given in the Rémdyana, 
Manu and the Mahabhdrata, how the frontiers of Brahmavarta grow succes- 
sively wider and wider. The two great royal dynasties of ancient India, the 
Solar and the Lunar race, the heroes of which are celebrated in the two 
epic poems the Ramayana and Mahabharata, were settled in Ayodhya and 
Pratishthana, that is in the country tributary to the holy river Ganges, 
which is mentioned but occasionally in the Veda; and finally, Brahma- 
varta is bounded on the west and the east, not by the rivers Drishadvati 
and Sarasvati, but by the ocean ; and on the north and south by the mountains 
of the Himalaya and Vindhya. 

The Arian tribes however remained united by their common origin, by 
the ties of religion and of their sacred language. It is a curious fact that 
the ancient name given to this language by the Brahmins themselves is 
chhandas, which means rhythmical language, chhandas being derived from the 
root chkand, to praise, which corresponds to the Latin scandere, as Sanscrit 
chhid, to cut, to the Latin scindere. The primitive form of this Indo-Germanic 
root is in Sanscrit also skand, meaning to go, to stride, so that chhandas 
would originally signify either poetry accompanied by dance, taken in the 
ancient ‘Pindaric sense, or any poetical effusion, as if striding along in grave 
and majestic measures. 

It is very likely that the name of the sacred language of the old Medians 
and Persians, the Zend, for which no satisfactory etymology has yet been 
found, has the same origin and meaning, a fact which would be in accord- 
ance not only with many peculiarities of the Vedic language, which, de- 
viating from the classical Sanscrit, are frequently to be traced in Zend, but 
also with the general features of the religion of these two people, which 
clearly point to a common source. 

But although the Arian conquerors seem to have crushed and extin- 
guished the great mass of the aboriginal inhabitants in the north of India, 
yet some of these Autochthones, or early inhabitants of India, who were 
considered by the Brahmins as impure and unworthy to partake of their 
religious sacrifices, found a refuge in the thick forests of the mountainous 
districts, and in the countries south of the Vindhya range, while it is not 
unlikely that some of them were tolerated by the Brabmins, so as to remain 
in a state of slavery, constituting the class of Sadras, to whom, though they 
were not considered as twice-born, like the three other classes, some few 
civil rights were conceded, and to whom in latter days even a Brahminical 
origin was attributed. 

Now, I think it is very easy to understand how it came to pass, that in 
Sanscrit as well as in the modern dialects spoken in the north of India, we 
find a great many words, especially those expressive of the common rela- 
tions of life, and denoting objects with which men in an imperfect state of 
civilization are acquainted, which cannot be derived from Sanscrit roots, 
and which are the same in the languages of the north, in the languages of 
some forest tribes living in the mountainous boundary districts, and in the 
Janguages of the people in the south of India. In the same way we find no 
difficulty in accounting for the presence of many Sanscrit words in the lan- 
guages of the south, for it is quite clear that it is owing to the literary in- 
fluence which the Sanscrit exercised in the north as well as in the south, 
that words expressing ideas, connected with a higher state of civilisation, 
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have been adopted by those dialects. I shall abstain at present from enter- 
ing into any discussion upon the origin of those words which do not belong 
to the Indo-Germanic family, and of which Dr. Stevenson has given some 
comparative lists, tracing analogies in the Mongolian, Celtic and Hebrew 
tomgues. J do not think that the affinity of different languages in any 
country can be proved by a mere comparison of similar words, and it seems 
to me that by producing analogies from languages so different as Hebrew, 
Celtic and Mongolian, one proves nothing by proving too much. 

We must have studied the individuality of different languages, we must have 
acquired an intimate knowledge of the particular distinguishing character of 
each of them, we must have entered into the spirit of every idiom, and have 
acquired a kind of feeling so as to be able to identify ourselves with the lan- 
guages of other people, before we can venture to decide upon analogies 
which may exist between them. Afterwards it makes no difference whether 
these analogies consist in words or in terminations of words, whether they 
be etymological or grammatical analogies, provided that the one and the other 
be based, not upon the mere sound, but upon the organization of the words. 
Te is on that account that I must declare myself decidedly, as far as the 
Bengali is concerned, against Dr. Stevenson’s theory. Dr. Stevenson says 
that there exists a great resemblance in the grammatical structure of the 
chief modern languages in the north and in the south of India, proofs of 
which he produces from the Hindi, Bengali, Gujerathi, Marathi on the one 
side, and from Telugu, Carnatica, Tamil and Singhalese on the other. 
Supposing that for none of these characteristic points they are indebted to 
the Sanscrit, he thinks it impossible to account for such a similarity of 
grammatical structure in languages, spoken by people having so little inter- 
course with one another, as, according to his opinion, the Hindu inhabitants 
of the north and south of India have had, unless we suppose it to arise from 
their all being originally of one family, and possessing one primitive lan- 
guage, the grammatical system of which may be in some measure gathered 
from these their points of agreement. Dr. Stevenson admits however that 
Brahminical influence has modified the grammatical structure, and intro- 
duced into the northern languages some affixes for those in former use, 
especially in the inflexion of nouns, but he says that the general structure 
of all has remained unaffected, and that upon the whole there is more agree- 
ment in the construction with the Jurkish than with the Sanscrit, so that 
he thinks it likely that the original language of India may be the connect- 
ing link between what the Germans have called the Indo-Germanic family 
and the Turkish family of languages. 

Now the whole question, as far as I can see, rests upon these two points : 
Is it likely or not that the northern languages of India, which are so 
much connected with the Sanscrit, thet while the Bengali and Hindi, 
which probably contain the most, have nine-tenths of their vocables of 
Sanscrit origin, and while even the Marathi, which, according to Dr. 
Stevenson’s estimation, contains the fewest, has at least four-fifths of its 
words derived from the same source, the same languages should have 
derived their inflexional suffixes from an aboriginal language, which ex- 
ercised so little influence upon those modern dialects, that proofs of its 
very existence can only be gathered from some few words, which, denoting 
things connected with the daily occupations of the working classes, were 
likely ta remain in the mouth of the people, and to get by this way intro- 
duced into the language of the higher classes? Dr. Stevenson himself 
admits that the Brahminical influence Aas modified the grammatical struc- 
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ture, and has introduced, as he says, into the northern janguages some 
affixes for those in former use. In admitting this, however, he admits more 
than he seems aware of. For we very seldom, or rather never find that a 
people, though receiving a great number of foreign words into the dictionary 
of its language, have adopted at the same time a foreign grammatical 
system, so that the mere fact, that one part of the grammar of the northern 
languages is evidently of Sanscrit origin, would seem to speak by itself very 
much in favour of admitting the same for the other part. 

But then the chief point is to consider, whether the instances brought for- 
ward as unexplainable by the rules of Sanscrit grammar and by the principles 
of the general structure of the Indo-Germanic languages, may not be found 
to be formed by grammatical elements which have been similarly used by the 
Arian languages, particularly by their modern representatives. And this [ 
think I am able to do for every grammatical form which Dr. Stevenson has 
pointed out as non-Sanscritical or Turkish, because he found it not exactly 
the same as in the old and classical Sanscrit, while a comparison of the 
modern development, which other Indo-Germanic languages have taken, 
will clearly show the analogies existing between the changes which the Indian 
language has experienced in the course of two thousand years and those 
known in other branches of the Indo-Germanic family. 

It may be remembered that at present 1 meditate only a vindication of 
the Bengali language, which, if successful, will perhaps throw some light 
also upon the other northern dialects. As far as the southern languages are 
concerned, I abstain from giving any decided opinion, and shall content myself 
with noticing some coincidences between them and the dialects of the north. 

Beginning with the declensions, Dr. Stevenson remarks, that these eight - 
languages (viz. Bengali, Hindi, Gujerathi, Marathi, Telugu, Carnatica, Tamil 
and Singhalese) are all deficient in the number of cases required to mark 
the different relations of nouns, and supply the deficiency by particles placed 
after the root or some of the cases. 

This is a fact, which, far from being surprising, would have been antici- 
pated by every one acquainted with the relation in which modern languages 
stand to their parent tongues. The original and expressive forms by which 
the old language of India formed its admirable system of declension, have 
in the course of centuries, and particularly during the lapse of' an illiterate 
middle age, lost their pure form and their distinctive power. But the Indian 
language found in itself the principle and elements of a new life, and we find 
it again at the period of its regeneration in the possession of richer and more 
powerful means than many of the modern languages of: Europe can boast 
of. It is true that the dual of the Sanscrit language has entirely disap- 
peared in Bengali, and that the nominative is the only case of the plural 
which has preserved an original form; but all the elements which have been 
substituted in order to form the number and cases of words are undoubtedly 
of Sanscrit origin; and we find sometimes the first traces of their gramma- 
tical employment in ancient works, and much more in the modern books, 
and especially in those of the Buddhistie collection. 

The same is to be said of the gender of substantives and adjectives. 
The substantives, adjectives, pronouns and verbs have no different forms in 
Bengali for the masculine, feminine and neuter; and we meet only with some 
feminine terminations in certain cases, where it was necessary to distinguish the 
two genders, as vagh, atiger; vaghf, a tigress; khudd, uncle; khudf, aunt. 
The changes of the final Jetter which take place in these words are entirely 
founded on the rules of Sanscrit grammar, only that they have been sub- 
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jected to the influence of the historical progress of the Indian language. 
Sometimes the feminine is also expressed by composition, just as we say, 
a she-goat, a French-woman, while in French and German the feminine 
is expressed by the mere change of the final letter. Thus the Ben- 
gali say, sasaru, a hare; stréisasaru, a female hare; inréj, an Englishman; 
teréjér méyé, an English woman; méyé being the Sanscrit word mdyd, which 
means illusion, deception, or according to the notions of India, woman, and 
in a philosophical sense the female magic power, or the whole apparent 
world, which exists as long as the eternal soul looks upon it as existent, but 
vanishes as soon as the great Self returns to itself and gets free from the 
passion of worldly existence. 

As to the single cases of declension, Dr. Stevenson further remarks, that 
there are several striking analogies running through most of these Janguages 
in the letters that characterise the principal cases. Thus the letter n is a 
very general characteristic of the genitive singular. It enters into the Guje- 
rathi common genitive no, ni, num; the ancient Marathi genitive chéni, now 
usually contracted into chi and into the Tamil in; in all of which it runs 
through all the declensions. It is found also in the ni of the first of the 
three declensions in Telugu, and in the ana and ina of the first and fourth 
of the four Canarese declensions. It is singular, Dr. Stevenson remarks, 
that in the Turkish the termination of the genitive ung should afford so near 
a parallel to the above, and that we should have the remains of such a geni- 
tive in mine and thine, and the Germans in mein, dein, sein. 

Although upon this point the Bengali is left quite unmentioned, because 
its genitive in ris of too clear a Sanscrit origin, yet I must say a few 
words upon the n, as the sign of the genitive case in the languages quoted 
by Dr. Stevenson. Gothic forms like meina, theina, seina, are certainly 
puzzling at first sight, not however so much as for it to be necessary to 
assign a Turkish origin to them. It can easily be seen that the genitive 
has often, as far as the sense is concerned, the function of an adjective, 
so that phrases like “the work of the day,” “the tribes of the moun- 
tains," may be expressed by “the daily work,” “the mountainous 
tribes.” It is also generally admitted that some genitive formations in 
the Indo-Germanic languages have preserved a close affinity to the forma- 
tions of adjectives, with the only difference that the latter have differ- 
ent terminations for gender, number and cases, and could therefore be 
declined again like substantives. In some Indian dialects, as for instance 
the Hindi, we find even genitives with different terminations for the 
different genders. I do not say however that either the adjective has 
been derived from the genitive, or the genitive from the adjective, but I 
only maintain that the principle of their formation has been the same. Now 
it is known that the suffix na is of very frequent occurrence for the deriva- 
tion of adjectives, and I have therefore little doubt that forms like the 
Gothic meina (bearing some analogy to the Zend mana) ought to be consi- 
dered as adjectival formations ; just as in Greek and Latin, éycs, ods for épov, 
gov, meus and tuus for mei and tui. We may observe in Sanscrit also how 
the nasal sound n extends its influence in forming new bases to which the 
regular terminations of the cases are added, a fact which, particularly in 
reference to verbal formations, has been profoundly illustrated by Professor 
Lepsius. I feel therefore inclined to consider the nasal sound in all the 
instances quoted by Dr. Stevenson as an augment of the inflectional base, 
while the final vowel in some of his quotations may have the power of the 
genitive termination. 
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For the termination ke, used for the dative and accusative in Bengali, Dr. 
Stevenson brings forward the following analogies: ko in Hindi, ku in Telugu, 
gai in Singhalese, and gya or ge in Tibetan. He supposes this termination 
to take its origin from the Marathi dative, ddgi, derived from the verb 
lédgane, to come in contact with, by changing the vowel, sharpening the 
consonant, and omitting the first syllable /é, which syllable serves again as 
the sign of the dative in other Indian languages. Even if we admitted this 
derivation to be true, the word ddgane is a well-known Sanscrit root, which 
Dr. Stevenson is very well aware of. But how fond he is of the auto- 
chthonical origin of these forms, we may see from the following remark of 
his: that this word (dgi itself, he says, may be derived from the Sanscrit 
is no objection whatever; for it may have been derived from a root con 
mon to many languages, and be just as independent of the Brahminical 
tongue as our own word lug. 

There are two methods of accounting for grammatical elements which 
occur in modern languages. The one may be called the linguistical, the 
other the historical, The former consists in pointing out analogies between 
the form and meaning of inflectional elements in different languages of the 
same family, This method has generally been adopted and carried out suc- 
cessfully by Prof. Bopp and his school. It is indeed the only possible me- 
thod in comparing the grammatical forms of languages which historically 
and geographically stand so far the one from the other, as for instance, the 
German from the Sanscrit. In comparative refearches of this kind it is only 
required to trace analogies in the form and character of the elements, which 
constitute the grammar of a language, and to show etymologically the origw 
and the development of these grammatical forms. Whether the one language 
be anterior in its formation, and whether there existed a historical connection 
between them, is a question which originally has nothing to do with these 
linguistical inquiries. 

The case however becomes different when we compare languages, the 
historical progress of which we can follow through certain periods. Here 
it becomes necessary to give to comparative inquiries as much as possible 
a historical character, by trying to explain modern grammatical forms by 
elements, which were used, though in a different way, by the same language 
in its anterior state, and to show if possible the period of transition froin the 
one to the other. Thus in a comparative analysis of the modern Persian 

rammar it would be necessary first of all to have recourse to the previous 

orms under which the Persian language appears to us at certain historical 
periods, and only in the case that neither the grammar of the Pasend and 
the Pehlevi, nor that of the Achaemenidian or Zend language furnishes the 
key for the grammatical forms of the modern Persian, it would be of interest 
‘to look for analogies in other kindred languages. For it is certainly true, 
though difficult to account for, that in several cases, where a historical 
connection exists between two languages, it is notwithstanding impossible 
to explain the grammatical forms of the one by those of the other, while 
languages, distant in time and place, afford the most unmistakeable analogies. 
Although then we prefer, when an opportunity is given, the historical method, 
yet we must admit even for languages, which have a historical growth, like 
the Bengali, the New Persian, the New German, &c., the right of the merely 
linguistical method, and I choose the present case, the question about the 
origin of the syllable ke, as sign of the accusative, as an opportunity for cot 
trasting the relative merit of these two methods. 

Even from a linguistic point of view it is difficult to find an analogy be 
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tween the formation of the accusative in the Indo-Germanic languages and 
in Bengali. An accusative formed by means of a syllable like ke, seems to 
be quite foreign to the genius of these languages. The resemblance which 
is found in the Gothic and Anglo-Saxon declension, in which there is a & for 
the accusative termination of personal pronouns, is not admissible, because 
the origin of this termination 1s founded on linguistical rules, so essentially 
Germanic, that it is not possible to apply the same rules to an Indian dialect. 
There is however some utility to be drawn from this comparison, for we see 
that Gothic accusatives (mi-k=me, thu-k=te, si-k=8e) are derived from 
their pronominal roots by means of the same particle as the datives (mi-s= 
mahi, thu-s=tibi); and we find in the syllable sma, from which the & of the 
accusative and the s of the dative are both derived, a termination not re- 
stricted, like other terminations, to the accusative only, but serving, by means 
of its general and extended signification, to express, like the rd in Pehlevi 
and New Persian, at the same time both the accusative and the dative. We 
believe therefore that the Bengali ke is not to be considered as implying the 
relation usually represented by the accusative or dative, but as a particle of 
purely demonstrative power. As to analogy in other languages, Latin forms, 
as hi-c, hus-c, hun-c, tun-c, &c., may be quoted where the final c is the same 
as that we see repeated in forms like hi-c-ce, hun-c-ce, &c., serving to enhance 
the demonstrative signification. According to the theory of Prof. Bopp 
(Comparat. Grammar, § 305), this ce must be considered as an indefinite par- 
ticle, or rather as a particle, which, compounded with an interrogative pro- 
noun, takes away its interrogative power and changes the interrogative into 
an indefinite pronoun. The same savant traces this particle through different 
languages, such as Sanscr, ci-¢ (kagcit, some one), ca-na (kagcana, any one), 
Dor. xa (xoxa, once), Ion. ré (word, Lat. que (quisque), quam (quisquam), ce 
(hic and hicce), pe (quippe), piam (quispiam), Goth. uh (hvazuh). 

But it seems necessary that a distinction should be made between two par- 
ticles, which under a similar form have played very different parts in the pro- 
gress of languages. The one, almost the same as the copulative particle (ca, 
ré, gue), serves, in generalizing, and to form from the root of the interrogative, 
an indefinite pronoun, when the other gives a determinate form. We re- 
eognise the former in words like kaccit, kagcana, woxd, roré, quisque, quis- 
quam (always in negative phrases like Sanscrit kagcana), quisptam, hvazuh, 
(Modern German wasauch). Adopting the system, which as far as I know 
has first been introduced by the ingenious G. Curtius of Berlin, this change 
of letters in Sanscrit, Greek and Latin may be represented in the following 
equation: paiica, xéyre, quingue=ca, re, que. Sanscrit cit and Latin quam 
are enlargements of the same particle, as quispiam, which corresponds to 
Sanscrit kasapi, regularly changed into ko'pi. But we cannot believe with 
Prof. Bopp that the same particle, which by its peculiar power gives to in- 
terrogative pronouns an indefinite signification, has given rise to the demon- 
strative pronoun fic, by being compounded with the Sanscrit interrogative 
pronoun &a and ki. Besides, as Professor Bopp acknowledges that in /tc-ce, 
hunc-ce, &c. the latter ce is the repetition of the same element, we find 
already combined with the pronoun (At-c), and as the genius of the Latin lan- 
guage does not permit a doubt on the purely demonstrative meaning of this 
particle, we do not think that it is altogether contrary to the system of this 
learned grammarian, to consider ce asa determinative particle, different from 
the other and identical with the Greek yé and the Bengali ke. 

But though from a linguistical point of view we might admit the Bengali 
termination ke to have its origin in this demonstrative particle, it is still the 
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question whether a comparison of languages, historically connected with the 
Bengali, might not furnish a more satisfactory solution. In the first case, we 
must remember that in Bengali itself ke is very often omitted, and that the ac- 
cusative is represented by the same form as the nominative, when the whole 
structure of the sentence shows that the substantive, dependent upon a verb, 
is to be taken as its object and therefore as an accusative. Besides, ke is 
not so much to be considered as the termination of an accusative, but rather 
as that of an objective case, because it is frequently used to represent the 
dative also, as Hari bahudhan Hariddske dilen (Hari gave much money to 
Haridas). Nor is it, like the other terminations r, te, rd, added to the se- 
condary form of a substantive (manushye-r, manushye-te, manushye-rd), but 
to the absolute form (manushya-ke, purush-ke). Now if we go back to San- 
scrit, particularly in its more modern form, and to the Pracrit dialects, we 
may observe a great tendency of the language to put the suffix ka at the 
end of many words without changing considerably their meaning. It is true 
that in some cases the affix ka serves to express contempt, pity, &c., 
but generally the meaning of the word remains the same, only assuming a 
more concrete, objective or neuter charatter. Thus dohita means read, loks- 
taka, a ruby, vdc is speech, vdcikam, a delivered speech or discourse. There 
exists a close relation, logically as well as grammatically, between the neuter 
in its nominative and accusative and the accusative of the masctline. The 
accusative represents the substantive, which is active and independent, if ex- 
pressed in the nominative, as a passive object, and we may account thereby 
why in many cases the same grammatical element, which serves to express 
the neuter gender, has been employed for expressing the objective case of 
the masculine, as am in Sanscrit, um in Latin, ov in Greek. If then the affix 
éa has already in Sanscrit the signification which we have just explained, it 
might seem well-adapted for words which by their relation to other words 
convey the meaning of passive objectivity. Although therefore this particle 
may not have become, neither in Sanscrit nor in Pracrit, the mere conventional 
sign of the accusative case, yet its analogous use gets so extensive in Pracrit, 
and particularly in the CAkkari dialect, that we have sufficient reason for 
tracing the Bengali ke historically back to the Sanscrit and Pracrit ka. 

The termination of the ablative also, which is te in Bengali and Marathi, 
4a in Pushtoo and in Singhalese, and which Dr. Stevenson considers there- 
fore as a remnant of the language of the aboriginal Hindis, is certainly of 
Sanscrit origin. In Bengali te is at the same time the termination of the 
ablative and the locative. Besides, there is still another more Sanscritic ter- 
mination in e, for the locative of words ending in a consonant or the vowel a. 
The same form is, by a false analogy, employed also for words which end in 
other vowels, such as rdtre (at night), instead of rdirite or rdirtkéle. The 
termination te, if employed as the sign of the dative, corresponds to the San- 
acrit termination éra. The change of tra into fe is justified by the aversion 
for all harsh sounds and double consonants which we frequently find in mo- 
dern languages. Thus Professor Bopp derives ingeniously the Greek ge in 
addocé, &c., from Sanscrit tra, supposing the suppression of r and the usual 
transition of t into s. The same suppression of the r takes place in Bengali, 
where the short a, as usually at the end of words derived from Sanscrit, is 
changed into e. 

The termination te, if used as the sign of the ablative, represents the San- 
ecrit suffix tas; and the change of tas into fe appears even more regular, 
when we remember that the Pali and Pracrit languages suppress equally the 
final s. Instead of changing the a into o, as in the case of these dialects and 
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in some cases of the Sanscrit itself, the Bengali has preferred as usual the 
final e, approaching thereby very nearly to the Latin, which has preserved 
the same suffix in words like inde, unde, &c. 

In the nominative singufar, a form in e occurs instead of the regular ter- 
minations ; as Vede kohen (the Veda says); mdnike=mdnik (ruby); gopdle= 
gopdl (cow-herd). The same e¢ is added also to words ending in d, but then 
it must be changed to y; as rdjdy=rdjd (king); pttdy=pitd (father). 

Although these forms of the nominative may imply sometimes a contemp- 
tuous idea, yet they had not originally this power, but must be considered 
as having retained the primitive form, corresponding with the termination o 
in Pracrit and Pali. It is of importance to remark that the Bengali, having 
suppressed the final s of the ancient Sanscrit termination, has not lost, at the 
same time, the short a, and that instead of changing it into a, like the Pracrit 
and Pals, it shows a decided predilection for a final e, bearing thereby a close 
resemblance to the old Cakkari dialect. As to the forms pitdy, rdjdy, &c., 
where the final y replaces an e, it is true that this is in no way founded on 
either Saascrit or Pracrit, but in comparing modern languages with the an- 
cient idioms whence they have arisen, we may often see that by a false ana- 
logy, certain common forms are adopted even for words, to which, owing to 
their different origin, they would seem irreconcilable. What speaks the 
most clearly in favour of our regarding this ¢, as a relic of the Sanscrit a, in 
the nominative as well as in the genitive, ablative and locative, is, that the 
adjectives of pure Bengali origin do not admit this e either in the nominative 
or in the other cases. Sometimes ¢ is used also instead of erd in the nom. 
plur., as sakale se kathd kahila (all said this word); aneke téhd jane (many 
know that). In this case tool rather incline to consider e as the remnant of 
the ancient plural termination than to take it for the sign of the locative case, 
as Dr. Yates suggests, particularly as he observes that in good Bengali it is 
only used in adjectives which indicate a number, when the noun is merely 
understood ; as sakale, aneke, &c., where we find e as the termination of the 
plural already in Sanscrit. 

The termination of the nominative plural is 4, as in Pali and Pracrit, but 
as this case always occurs under the form of rd or erd (guru-rd, manushye-rd), 
one might suppose that there is in it a repetition of the Sanscrit termination, 
as in the Vedical forms stomdsas. It seems nevertheless more probable that 
the Bengalis, perceiving all the forms of the plural derived from a root in ér, 
t. €. of the genitive singular, compounded with the word dig, have taken this 
genitive for the base of the plural, and have added to it the primitive sign of 
the nominative plural, 4. A 

The most singular and at first sight barbarous feature of the Bengali de- 
clension, is its formation of the plural of masculine nouns by means of the 
syllable dik, to which the terminations of the cases in the singular are added. 
Though I am not quite confident as to the origin of this grammatical ele- 
ment, yet I venture to propose a theory, which perhaps may not prove quite 
unsatisfactory. 

Dig siguifies, in Sanscrit, a climate, and in the plural it is taken for the 
whole world. In this sense we find digvijayf, he who has conquered the 
four regione, or all the countries which lie between the N. S. E. W., i.e. all 
the world and all mankind. It is true that the word dicah had not yet been 
used in Sanscrit in the sense of all the world, or mankind in general, but we 
find, nevertheless, an analogy in the word loka, the first signification of which 
is the world, and synonymous with dig ; as, for instance, loka-pdla=dik-pdla, 
the master of the world. The same word by metaphor comes to mean men. 
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Thus, loka-vicruta, celebrated in the world, i. e. among men ; loka-vikrush{a, 
despised by the world, i.e. by men. One can even say striloka, meaning 
the world of women, i. e. womankind in general. I consider then the form- 
ation of the plural by means of dig as based on the same cormexion of ideas, 
and this would account at the same time why the Bengalis generally use 
this form of the plura] for reasonable beings only, as pangs digete, in the 
learned world; while words like gana, a number, jdti, a tribe, dat, a band, 
varga, a class, are used promiscuously for animate and inanimate beings. 

The two suffixes fd and fi are often found at the end of substantives of 
the numeral pronouns; fd added to the names of living beings indicates in- 
difference or contempt: ckafd kukur or kukurtd, adog; ekatd manushya or mo- 
nushyatd, a mannikin, the mob. The same suffix added to the names of 
things gives an idea of magnitude, ekatd ghar or gharjd, a great house. The 
suffix fi expresses in similar cases affection or pity in the case of living be 
ings, and contempt in that of things: ekafi bdlak or bdiakft, a little child, a 
darling ; ekdfi tokd, tokdfi, a very small sum, a stiver, a mite. 

It would be difficult to give an explanation of the true meaning of theee 
suffixes, if we did not sometimes find the dental ¢ in the place of the lingual f. 
Now the cerebrals are pronounced in Bengali as the dentals are in Sanscnit. 
It is therefore probable that fd and fé are the same suffixes by means of 
which collective and abstract nouns are formed in Sanacrit. At the same 
time it is to be remarked, that in many modern languages the suffixes, 
destined to form abstract and collective names, give sometimes to these 
words an additional meaning, just in the same manner as the suffixes (4 
and ¢; as, in English, woman and womankind, governors and goveft- 
ment; and still more in French words, like loger, logis, logement, les 
bourgeois, la bourgeoisie, le peuple, la populace. We must also remark 
that m Bengali these different shades of meaning almost always depend 0a 
the character of the whole phrase, and that, generally, for instance, ckaté 
baldk means only a child, ekatd ghar, a house; while, on the other hand, 
balaktd, ghartd, have the more definite meaning of ‘ the child,’ ‘ the house.’ 

The most important point, however, of the Bengali is what we may call 
its secondary or periphrastic declension, which by the clearness of its origin 
allowa us an interesting insight into the secret working of language, and gives 
us a key for many modern formations in kindred languages, where the ort 
ginal elements of these new formations are often obliterated and unexplait- 
able. Although we have seen that in the singular there are some remain 
of the ancient forms in the locative, ablative and genitive, yet the language 
has lost the conscience of their true meaning, and they are made use of 
in the most simple and distinct cases. Inthe modern language these suffixes 
have no longer sufficient power to perform the functions which they fulfilled 
in Sanscrit, and they have consequently been replaced by more expressite 
and more intelligible words. We must not, however, look upon these new 
formations in the light of arbitrary compositions, for, having become conse 
crated (nitya), these forms are regarded by the Bengalis as having the same 
value which the cases of the Sanscrit were considered to have by the ancient 
people who spoke it. As it may be of interest for the comparative study of 
modern languages, we give a list of the most usual forms of these secondary 
cases :— 

1. Kartrtk (expressing agency), Aetuk (expressing cause) form the instrt- 
mental, ablative and dative. Thus, ‘evarkartrik jagad srishta hay, the 
world is created by God, i. e. having God for the agent in its creation (Sa- 
scrit, icvarena or icvardi); dhanhetuk yatna karilek, he exerts himeelf fot 
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money, t. e. having money as the cause of his exertions. In Sanscrit the 
dative may be used, or a similar composition with the word simitta, which 
occurs also in Bengali. . 

2. Pdrvak (expressing precedent) forms in like manner the instrumental. 
Thus vinay pdrvak ukta hag, it is spoken politely, i. e. having before it 
politeness (Sanscrit, vinayena). | 

$. Diyd (having taken), kariyd (having done), form the instrumental ; 
thus, churi diyd tdhdke mdrilek, he struck him with a knife, or, having taken 
the knife; churi diyd lekhant prastut kavilen, he prepared the pen with the 
penknife. . 

4. Sahit, sange, sdte (aecompanied, near), as purush sahit, with men ; 
dugher sahit jal micrit kariydche, he has mixed water with milk ; tomdr sange, 
or tomdr sdte ydiva, I shall go with you. In Sanscrit, particularly in its 
most ancient form, the termination of the instrumental is sufficient to express 
this meaning; as, purushaih, with men; haribhih, with horses; afterwards 
saha or sakita is used with the instrumental to make the meaning more 
distinct, as puruskaih saha. 

_5. Haite (from) is the most common sign for the ablative ; as, ghar haite 
nthsrit, gone out of the house (Sanscrit, grikdn nihsritah); kumbhakdr 
haite ghat sakal nirmit hay, the pots are made by the potter ; pitd putra haste 
balavdn hay, the father is stronger than the son. 

Notwithstanding the apparent difference of meaning, I think that haite is 

but a modern form of sahita (joined, with). The ehange of its signification 
(with, from) is analogous to that which similar words have undergone in 
other languages. Thus the English by means originally near (as “ close 
by”), but it has lost this meaning almoat entirely, and serves at present to 
form the ablative case. The same may be observed in French (par, avec) — 
and German (mit) ; rdjdr haite nihsrit hay, would therefore signify, he comes 
from with the king (d’avec le roi); kumbhakdr haite ghat nirmit hay, the pot 
has been made by the potter. What speaks most in favour of this etymo- 
logy is, that also in other modern Indian dialects the ablative is formed on 
the same principle. 
_ 6. Nekat and nikate (near, in the neighbourhood). This word also serves, 
in accordance with its primitive meaning, to express several different rela~ 
tions at the same time. For instance, they say rdjdr nikaf pdigd, having 
recerved from the king, and rdjdr nikat gdigd, having gone to the king, i.e. 
near him. 

Nikata occurs in Sanecrit also in the sense of near, and as the cerebral ¢ 
indicates often that the form in which it occurs is a contraction of another 
form, containing an r, I suppose nskafa to be derived from stkarsha or 
nikrishta, as vikata, great, from vikarsha or vikrish{a. Thus tata for tarsha or 
trishta (dry ground) is derived from trish, to be dry or thirsty ; pata, a gar- 
ment, from paridhd; vata, a circle, from vrita; bhajfd for bhartd, &c. 

7. Samipe (in the neighbourhood) is used in the same manner as nikafe. 

8. Madhye or majhe (Pali madjhe), in the midst, forms the locative; as, 
hriday madhye, in the heart. Sansc. hridaye. 

9. Kache and kachete (in the neighbourhood), just as nikat. 

10. Sthdne or sthdy (at the place), forms the locative ; as, gharthdy, iv the 
house, or near the house. . 

11. Dodrd (by the door), by means of, forms the mstrumental ; as, jfidna 
dvdrd, by knowledge. Sansc. sidnena . haster dvdrd tini mdrilek, he struck 
him with the hand. 

12. Rap is sometimes used to express the genitive in figurative language j 
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as, mrityurdp rajju, the cords of death, i. e. having the form of death ; 
cokarap agni, the fire of distress. 

The use of these compounds is not so extensive in Sanscrit, but we never- 
theless find already there the first traces of them even in ancient works, as 
for instance in Manu and even in the Veda; as, atishthantindm antvecandnds 
kdshthdndm madhye nihitam cariram orttrasya, the body of Vritra (the cloud 
thrown into the flowing and restless waters. In modern books, and especially 
in the Buddhistical works, this usage is very general, and particularly inter- 
esting as giving the key for the original meaning of many obscure abbre- 
viations, which in the spoken dialects of India form the new system of de- 
clensions. As far as the declensions are concerned, I think then it will 
be admitted that the Bengali is nothing but a modern development of the 
Sanscrit language, and that though reduced to a state of great poverty in 
its grammatical formation, it has not borrowed the principles of a new life 
from the language of barbarous tribes. 

Of the conjugation of the Bengali it would be still more difficult to prove 
a non-Sanscritical origin. In comparing the conjugations of the Bengals 
with those of the Sanscrit verbs, we are struck with the same phenomenon 
which presented itself to our notice when examining the declensions. The 
Sanscrit possesses ten distinct forms, whereby the verbal base is derived 
from the primitive root; and by its three voices, the active, passive and 
middle voice, offers to us a rich variety of terminations, destined to express 
every form of tense, mood and person. But, what at first sight is most 
strange, while those languages which have for centuries been exiled from 
their native lands have preserved even in the extreme north vivid proofs of 
their ancient wealth and originality, the Bengali, which has remained ia its 
paternal soil, has degenerated more than almost any other of the Indo-Ger- 
manic languages. It is true that the Indian tongue may have felt itself 
wearied and oppressed by the abundance of forms produced at the first 
burst of its youth ; it is true, that in divesting itself of these exuberances it 
was following but a wise ceconomy, and by analytical expressions accommo- 
dating itself to the wants of ordinary life ; but the primitive beauty of human 
speech, the happy harmony between the spirit and the form of the words 
was lost, and the wings of human thought were broken. There is in Ben- 
gali neither middle nor passive; the greater part of its tenses are formed by 
means of auxiliary verbs, and according to the common system of the Ben- 
gali grammarians, there are no longer even different forms in the plural and 
singular. But admitting all these differences between Sanscrit and Ben- 
gali, which, indeed, everybody would expect to exist to a certain amount 
between every ancient and modern language, I cannot see how a totally 
different origin of the Bengali language can be proved by differences like 
the following, which Dr. Stevenson quotes in proof of his theory :— 

1. That the second person singular imperative is the root or shortest 
form in Bengali and the other languages, while this is the case with only 
about one-half the tenses in Sanscrit. 

2. That in Bengali the present tense contains the present participle as a 
constituent part of it followed by the substantive verb, as in our form, J aw 
r ; 
S. ‘’hat it uses an aorist, which denotes past, present and future time. 
4. That verbs are composed with the negative particle. 

5. That the past tense has no reduplication, and 
6. That the passive is formed in a peculiar manner. 
As to the first point, if I understand him right, his calculation is wrong. 
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Except in the second, third, seventh and ninth class of Sanscrit verbs, and 
some ancient forms in the Veda, we find in all the other verbs the shortest 
form of the inflectional base in the second person singular imperative. These 
four classes however comprise only between 150 to 200 roots, while of the 
six other classes the first comprises alone about 1000 roots. 

As to the second point, nobody denies that Bengali, as a modern language, 
employs periphrastical formations instead of the simpler forms of the ancient 
language; but when the form of the participle as well as of the auxiliary 
verb, are of Sanscrit origin, I do not see why their combination into a peri- 
phrastical form should point to a barbarous origin. That the Bengalis em- 
ploy an aorist which denotes past, present and future time, is not at all 
extraordinary, since we see in many languages that when a new specific 
inflectional base has been assigned to the present and imperfect, the simple 
form represents generally the action of the verb only, without reference to 
any time, and is therefore called aorist. 

As to the next point, the negative verb in Bengali has nothing irregular 
in its formation. By the addition of verbal terminations almost every word 
may become in modern languages a verbal base, and Dr. Stevenson must be 
aware, that like the negative verb ndi, I am not, from nd, not, there is also 
an affirmative verb, vafi, 1 am indeed, from vafa, indeed. The loss of the 
reduplicative syllable in the perfect is sufficiently accounted for by the same 
occurrence in almost all the modern, and even some of the ancient branches 
of the Indo-Germanic family; and in supposing an auxiliary verb like 
didhale to be the original form of the terminations of the past tense, like da 
or ta, Dr. Stevenson seems not to be aware of his quite being in accordance 
with Professor Bopp, only that the latter takes not the modern Marathi form, 
didhale, but the ancient and simple form dhd. 

An element, which might perhaps be called aristocratic, has exercised 
much influence in the personal terminations of the verb. The Bengali gram- 
marians pretend that there are two sorts of terminations equally employed 
for the singular and plural. One sort convey a kind of respectful meaning, 
the other has a contemptuous sense. This distinction is so generally adopted, 
not only by the grammarians but also by those who have written in the lan- 

, that we do not dare to pursue any other method, although we are 
convinced that the forms which convey contempt are nothing else but the 
singular ones, while those which express respect are the plural. To explain 
this distribution of the ancient forms, it is not sufficient for us to have re- 
course to the analogy of modern languages, in some of which, in speaking 
with respect of persons, we may perceive that a sense of superiority has been 
often attributed to the plural; for the peculiarity of Bengali consists not so 
much in a verb in the plural being connected with a substantive in the sin- 
gular, but that a verb in the singular is governed by a substantive in the 
plural. This peculiarity does not admit of explanation, except on the ground 
that Bengali, to speak correctly, has properly no plural in declensions except 
in the case of reasonable beings. It would therefore be impossible to em- 
ploy a third person plural, when we are speaking of animals or of inanimate 
objects. We might say, the wise men think (think plural), but if we wished 
to express the idea ‘that animals eat’ (eat plural), we must say, the mass of 
animals eats (verbally, the animal-mass or animality eats); hence, in this 
way, the plural of the verb will always find itself united with the names of 
superior beings, and the singular with those of inferior beings, and thus the 
two numbers of the verb must assume, by little and little, the peculiar cha- 
racter of the substantives on which they are dependent. 
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This signification, once formed and favoured by the double character of 
the pronoun, of which there is also a respectful and contemptfal form, tt 
becomes possible to explain how on the one hand the singular of substantives 
might be followed by the plural form, denoting respect, and how on the 
other hand other substantives would be followed by the singular form, ex- 
pressing contempt. Thus the pronoun of the second person, tums, would 
take the sense of you (plural), while ic was more customary to address a 
person of distinction by dpant or mahdcay (your honour), both of which 
govern the third person plural of the verb. The pronoun és, which always 
governs the singular with a sense of contempt, would cease to be regarded, 
even in its plural, tord, as a word expressing many individuals, but would be 
held to be a collective word with the sense of contempt. 

In general however it may be borne in mind that people of rank do not 
employ this pronoun and the corresponding form of the verb even in ad- 
dressing their servants, because at the same time that the respectful forms of 
the plural lay aside almost altogether, by continual use, their respectful sense, 
the other become 0 full of contempt, that in conversation they are injurious. 

The first person alone has preserved both in the plural and singular the 
same form; so that with the exception of the difference between the pro- 
nouns (dmi and mus), the form of the verb remains the same. 

The late Dr. Yates, who, after such a long intercourse with the natives of 
Bengal, may be considered as a good authority on this subject, says in re 
ference to these forms of the verb and the pronouns : “ It would be well for the 
first and second of these pronouns (mui and tui),and for the verbs that agree 
with them, to be expunged from the language; yet as they are frequently 
used in common conversation, it is necessary to notice them, to enable the 
student to understand what he will frequently hear. The third often av- 
swers a useful purpose in distinguishing between the Creator and the cres- 
ture, the king and the subject, the master and the servant, the animate and 
the inanimate.” And again: “If a person speaks with the greatest humility 
of himself, or with the greatest contempt of another, he employs this form, 
but it is not found in good composition. From these strictures, however, 
the third person must be exempted, as it is used in all good composition for 
expressing common facts or events, and will on that ground in future be 
embodied in the honorific form of conjugation.” 

A slight knowledge of the system of the Indo-Germanic conjugations is 
sufficient to show that all the personal terminations of the verb came from 
the same source as those of the other cognate languages, and that they con- 
tain the remains of personal pronouns, added to the verbal root, and changed 
more or less in the gradual development of the language. It would be ont 
of place to retrace here the origin of every Bengali termination, and to show 
the greater or lesser regularity of its successive alterations by analogies with 
the terminations of other languages. I think that the characteristic differ- 
ence between the personal suffixes for the present and the imperfect (4, ¥, 
€, am, t, a), as well as the suffixes themselves, speak so clearly as to require 
no other proof for their Indo-Germanic descent, and I defy any one to find in 
any but an Indo-Germanic language, i and am, as the sign for the first pet- 
son, 1 and : for the second, or en asthe termination for the third person 
plural. We must only observe, that the terminations of the present and of 
the imperative contain the personal suffixes in their simplest forms, without 
the addition of any auxiliary verb, and the excellent work of Prof. Bopp will 
furnish sufficient instances of analogous forms of the personal terminations 
in Sanscrit and its filial languages. 
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The termination of the preterit, ilém, and of the future (bo), bear the 
greatest resemblance to the corresponding Latin forms (bam and bo), and it 
might be possible to adopt the origin, assigned to these forms by Prof. Bopp, 
also for the Bengali, so that the terminations of these two tenses, small and 
insignificant as they are, might be shown to contain not only the remains of 
peraonal pronouns, but also those of an obliterated auxiliary verb. As to 
the future, there is externally not any difference between the pronunciation 
of the Latin bo and Bengali va (pronounced bo); and the Latin bam might be 
compared with the termination of the Bengali preterit /dm, when we re- 
member that instances are not wanting of the semivowel / having taken in 
other languages the place of an originale. Thus Sanscrit svap, to sleep, 
German schiaf; Sanascrit vad, to say, Gothic lath-dn. 

I prefer however another explanation of this tense, which is more in 
accordance with the development which the form of the past tense has taken 
in Pracrit as well as in other modern languages of India. There is a 
change of letters which is of very frequent occurrence in the popular dia- 
lects of India, I mean the transition of the dental ¢ into a lingual ¢, which, 
according to its pronunciation, may often be represented by Jor r, Adopte 
ing this theory, Bengali forms, like karilém, I did, would contain a past par- 
ticiple with an active signification (Sanscrit karita=Bengali karila), fol- 
lowed by the secondary personal terminations. That this is the real origin 
of these forms may be put above every contradiction by a comparison with 
the Mabratta preterit, which, as Professor Lassen has shown, has preserved 
even the three genders of the participle, saying to keld, he did, tf kel, she 
did, tem kelems, it did, and even in the first person, mé kelom, I did (maac.), 
mi kelem, 1 did (fem.), mi kelom (neuter). This being the case, and seeing 
that in Pracrit already all the original historical tenses are altogether lost, - 
I think that even the Pracrit termination of the preterite ta or ia, either in 
an absolute or neuter state, or followed by a masculine termination, may be 
taken for a corrupted form of a past participle, for we see that in Pracrit 
the termination éa is already changed into da, and that sometimes the ¢ is 
entirely suppressed, as osaria for osarida. 

The conditional seems to contain in the ¢ of its terminations the remains 
of a present participial form, to which the secondary personal terminations 
are added in the same manner as in other clearly periphrastical formations, 
of which we shall have to speak directly. This tense is also interesting on 
account of its having preserved, in the second person singular, the final s, 
which is dropped in the corresponding form of the imperfect. 

Besides the conjugation by means of the simple terminations, the Bengali 
language has yet two other conjugations, which are periphrastical in the 
proper sense of the word, although here also the two component parts are 
more intimately allied than in periphrastical formations of the Latin, (like 
factus sum,) or of the French (like je suis fait, j'ai fait). These conjugations, 
which furnish some tenses only, are formed, the one by adding the auxiliary 
verb to the participle, the other by adding it to the past adverb. The 
auxiliary verb is dcht, 1 am, used in the present and preterite only. 

This auxiliary verb dchi, the same as the Sanscrit asm, ast, astt, Doric éuul, 
écal, évri, Latin sum, es, est, cannot be regarded as a primitive root. Lan- 
guage, representing as it does the images of all things or actions, which by the 
energy of their impression upon the mind are able to excite an idea (eldos, 
phonic image), has not and cannot have a word which expresses the abstract 
and lifeless notion of mere affirmation or existence. But as the development 
of the mind advances, step by step, with that of language, and vice versd, we 
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see that at the same time, when by a frequently repeated perception of the 
different kind of “ being,” the mind arrived at the general idea of ‘ being’ in 
its purest sense, (as copula) without the admixture of any determinative at- 
tributes, the language by the frequently repeated use of words, which origin- 
ally expressed different kinds of specific being, forgot, if we may be allowed 
the expression, the distinctive character of being, represented by them, and 
took them in the general meaning of besng without attributes. Thus we find 
that verbs, which signified properly to stay, to sit, to grow, to arise, lost in 
time their specific meaning, and expressed often, instead of the situation of 
staying or sitting, situation or existence in general, and instead of the act of 
growing and arising, action in general. It is in this way that the difference 
of meaning which, by careful attention and a fine feeling for language, can 
often be perceived between the different auxiliary verbs, must be accounted 
for ; and thus we see in Bengali also that the verb dch:, I am, cognate as it 
is with a verbal radical signifying to sit, has retained something of its primary 
meaning, and implies always mere existence or existence in reference to 
locality, while the other auxiliary verb, hay, I am (the same as the Sanscrit 
bhd, Greek giw, Latin fut), having the primitive meaning of to grow, to 
drive or to arise, signifies rather to become than to be. Ex. tumi kimecs 

krig hdiydcha, you have become a little thin; though very often it is but the 
mere verbal copula, as ttn: jiidnavdn han, he is wise ; agva pacu hay, the horse 
is an animal. The other auxiliary verb dchi, on the contrary, is well em- 
ployed in phrases like—is he (alive) or is he dead ? tint dchen kt mdrigdchen? 
God is for ever, igvar sarvakdl dchen. Is he at home? tint ki ghare dchen. 

By means of the verb dcht, four periphrastical tenses are formed. Ex- 

ample : 
karite, present participle, doing. 
karitecht, I am doing. 
karitechsidm, I was doing. 
kariyd, past adverb, having done. 
kariydchi, I have done (having done, I am). 
Rariydchildm, I had done (having done, I was). 
The meaning of these four tenses is evident by their origin. 

Karitecht, 1 am doing, describes an action which continues at the moment 
of speaking ; karitechildm, I was doing, an action, continued in a past time, 
always with reference to another action; as, I was doing when he arrived. 
Kariydchi, I have done, implies an action accomplished at the moment of 
speaking ; kartydchildm, I had done, an action finished in a past time with 
reference to another action. 

In Bengali there is no distinctive form for the subjunctive present, but the 
indicative is employed, though the character of the phrase may require a 
subjunctive form; or rather the whole character of the phrase and the man- 
ner of representing conditional ideas are not the same in Bengali as in other 
languages, which, by a change in the form of the verh, are enabled to give 
to the colour of the phrase this particular shade. The conditional relation is 
in the mind of one who expresses himself in Bengali insensibly changed into 
a mere temporal one. Ex. yads tums mdra, tave dmi mdriwa, word for word, 
when you beat, then I shall beat; yads dmi tomdr pitd hay, dmdke avacya 
mdnya karive, if 1 am your father, you must respect me. ‘The particle yadi 
can also be omitted. Ex. tums mdra, tave dmi mdriva, you beat, then I shall 
beat, t. e. should you beat, I shall beat. Sometimes tave also, which usually 
begins the principal phrase, is not added. Ex. tums mdra, dmi mdriva, you 
beat, I shall beat, ¢. e. should you beat, I shall beat. 
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The conditional may be regarded as the past tense of a subjunctive mood, 
in the principal as well as in the secondary phrase. Ex. yadt tumt dmdke 
mirite, dma tomdke mdritdm, if you had beaten me, I would have beaten you ; 
yad: dms sesthdne hattdm, tint e duhkha pditen nd, had I been there, he would 
not have experienced such distress. The same tense expresses sometimes 
the frequency of an action in the past time, without any conditional relation. 
Ex. dmt rdjoidydlaye paditdm, I used to study in the Royal college. 

The infinitive in tte has the same power as the infinitive of other lan- 
guages: thus tdhdke mdrite dmi dsiydchi, 1 am come to beat him; dmdke 
mértte deo, allow me to beat. Dr. Stevenson remarks, that almost all of these 
‘ndian languages agree in forming an infinitive of very popular use, by add- 
ing the same letters that are used for the formation of the dative singular 
of nouns. It needs indeed but little insight into the origin and definite 
nature of the infinitive to see that it is nothing but a verbal noun with dif- 
ferent, generally obsolete terminations of cases. Taking this view, which 
has been confirmed by the comparison of many Indo-Germanic languages, 
it is easy to see that the Bengali infinitive, “ karite,” must be taken for a 
dative or locative of a verbal noun, like the English “ to do,” while the Tamil 
infinitive, formed by the termination ku or ka, represents to us the verbal 
noun in the accusative, just as the Sanscrit and Latin terminations in tum. 

Tbe two verbal nouns ending in tyd and tle may be regarded as two verbal 
adverbs, or as absolute and obsolete cases of a verbal noun. The former is 
employed for the past, the latter for an indefinite, often for the future time. 
The origin of them is clear, the one corresponding to the Sanscrit form in 
ya, the other being a locative of the past participle, with the regular change 
of tinto 7. Both these forms give a great advantage to the Bengali, because 
it is possible to express by means of them a whole phrase dependent on an- 
other, without employing conjunctive particles and without any regard to 
gender, case and number. The subject only must be the same in the prin- 
cipal and subordinate phrases, when the form in tyd is employed. Ex. tins 
pustak path kariyd vahire gelen, he went out, after having read, or when he 
had read the book. £ samvdd jantyd mugdha hatldm, having learnt this 
news, he became insensible. 

The most usual form of the present participle has the same termination as 
the infinitive. Being a verbal adjective, it has like the other adjectives no 
terminations for the cases, but it governs the same case as the verb. Ex. dpan 
putrake mdrite dmi tdhdke dekhildm, U saw him beating his own son. 

As the infinitives of the Indo-Germanic languages must be regarded as 
the absolute cases of a verbal noun, it is probable that in Bengali the infini- 
tive in se was also originally a locative, which expressed not only local 
situation, but also movement towards some object, as an end, whether real 
or imaginary. Thus the Bengali infinitive corresponds exactly with the 
English, where the relation of case is expressed by the preposition to. Ex. 
tthike mdrite dmi dsiydcht, means, I came to the state of beating him, or I 
came to beat him ; dmdke mdrite deo, give me (permission), let me (go) to the 
action of beating, 1. e. allow me to beat. 

Now as the form of the participle is the same as that of the infinitive, it 
may be doubted if there is really a distinction between these two forms as 
to their origin. For instance, the phrase dpan putrake mdrite dm: tdhdke 
dekhildm, can be translated, I saw him beating his own son; but it can be ex- 
plained also as, what they nonsensically call in Latin grammar accusatious 
cum infinilivo, that is to say, the infinitive can be taken for a locative of the 
verbal noun, and the whole phrase be translated, I saw him in the action of 
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beating his own son (vidi patrem caedere ipsius filium). As in every Bengali 
phrase the participle in ite can be understood in this manner, I think it ad- 
missible to ascribe this origin to it, and instead of taking it for a nominative 
of a verbal adjective, to consider it as a locative of a verbal noun. 

That all of the verbs in these languages are naturally destitute of a pas- 
sive voice, is true only so far as that they have given up the simple and 
ancient formation of the passive, formed in Sanscrit by affixing ya to the 
base of the verb. But it is highly interesting to see how modern lan- 
guages, after abandoning the ancient formations, have often had recourse to 
the same means, by which these ancient forms were effected. Thus the 
Bengali, giving up the Sanscrit passive form in ya, created a new periphras- 
tical passive voice by means of the same auxiliary verb yd, to go, saying, 
for instance, jdnd ydy it goes to be known, instead of the Sanscrit jidyate, 
it becomes known. 

It is difficult however to say whether it is the passive participle or the 
verbal noun, which, joined to the verb ydste, serves in Bengali to represent a 
passive verb, ex. nadi dekhd yditeche, the river is seen. Sir Graves Haughton 

as the merit of having first discovered the analogy existing between this 
compound Benyali passive and other passive formations in Sanscrit, &c., 
where the auxiliary verb yd (to go) is already more or less changed and ob- 
literated. He believes that the d is the termination of the verbal noun, and 
his opinion has been adopted by Prof. Bopp, who has confirmed it by ad- 
ducing analogical forms from the Latin and Sanscrit languages. The great 
difficulty of this theory is, to give a passive power to a composition, both 
the elements of which have an active signification, for the verbal noun in 4 
as well as the verb ydite is always active. To remove this difficulty, Sir 
Graves says, “that when this form is used, it implies the object obtains the 
result of the action that the noun implies, which is just the equivalent of 
what the other forms express; for, when we say, he is killed by the man, 
we infer that he is gone to the state of death by means of the man.” Against 
this theory we have but one observation to make, that is, that in } 
mdrite means to strike, to kill, and that by this reason mdrd ydite would 
always mean, to go to the state of striking, of killing, and not to the state of 
death. The other example also, quoted by Sir Graves, bhdla manda sakaler 
kathdr dodrd jdnd ydy, can be well translated, good and bad qualities of all 
go to discovery by words, but discovery would always retain an active sense, 
and would mean, to go to the state of discovering, which is nonsense. There- 
fore Rammohun Roy, possessing doubtless the most intimate and delicate 
knowledge of the spoken Bengali, does not follow this opinion, but analyses 
these passive compounds by taking the former part for the passive participle 
(not mentioned in other Bengali grammars), and the latter for the verb ydite, 
with the sense of to become. Ex. fdkd deoyd gela, money has been given 
(money went or became given out); se mdrd ydivek, he will be beaten. What 
speaks mostly in favour of this opinion is, that there are in Bengali other 
phrases where gdite is really joined to the active verbal noun, which retains 
always its active or intransitive power. But in this case ydite has another 
signification, andis impersonally employed in the sense of, it goes, it happens. 
Ex. dmdhe jdnd ydy nd, literally, to know me never happens, é. ¢. I cannot 
be known ; tomdke dekhd gela, you could be seen, or you have been seen. 
In this sense ydite can be combined with intransitive verbs also. Ex. cald 
ydy, walking goes, #.e. we can go out. 

There are still some other Bengali formations which serve to express the 
passive, but these too are, although not found in Sanscrit, yet entirely based 
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upon Sanecrit elements. Thus every passive participle may be taken from 
the Sanscrit, and may, when followed by the Bengali verb haste, to be, 
form a passive verb, as krit, done, krit hay, I am done. Besides, the Bengali 
has, like other languages, some compositions by which a passive sense can be 
expressed, though, grammatically speaking, they are hardly to be considered 
as constituting a distinct passive formation. Thus the verbe khdite (to eat) 
and pdite (to get), are of very frequent occurrence, to express in certain com- 
binations a passive idea. Ex. duhkha khdite, to eat pain, to suffer pain, or 
to be pained ; mdri khdy, he eats or he gets a beating, t. e. he is or gets 
beaten, piddte nash{a pdivek, he will get destroyed by grief. 
much in answer to Dr. Stevenson, and enough, I hope, to vindicate 
the origin which I ascribe to the grammatical structure of the Bengali. It 
would be easy to bring forward a great many forms of this dialect, the 
Sanscrit origin of which is beyond all doubt, but I think that the mere fact 
of Dr. Stevenson's not mentioning them in support of his theory, shows 
sufficiently that he also did not consider them as arising from the language 
of the aboriginal inhabitants of India. | 
But now it may be asked, what is the use of these comparisons? what 
does it matter whether Bengali belongs, by its grammatical structure, to 
the Indo-Germanic or the Turkish family of languages, provided that a 
man knows enough of it to express what he wishes? My answer is 
this: from comparing languages, from finding out analogies between them, 
from tracing the origin of forms in modern languages down to the living 
roots of more ancient languages, and from going back, as far as it is allowed 
to us, to see the first manifestation of human mind by human speech, we 
derive, I think, a threefold advantage—an historical, practical, and philo- 
8 


When poetical tradition is silent, when historical records are lost, when 
physiological researches fail, language will speak and decide whether there 
been a community and connection in the intellectual development of 
different people. One of the most important questions of ethnological phi- 
lology, which is now pending, the question of the origin and the con- 
nection of the Babylonian, Assyrian and Median civilization, art and lan- 
guage, can only be solved effectively by the language of the inscriptions 
which have been found in the ancient cities of Babylon, Nineveh and Perse- 
polis, It is as if it were by Providence that these monuments have been 
preserved during many centuries under the protecting veil of the earth, and 
that they are now discovered at a time when comparative philology has, 
by the study of the ancient languages of Egypt, Aramea, Persia and India, 
grown strong enough to master them, and to read in the arrows of these 
inscriptions the hieroglyphics of the human mind. 

But in India too there are still many questions to be answered as far as 
ethnological philology is concerned. We are generally inclined to consider 
the inhabitants of this vast country as one great branch of the Caucasian 
race, differing from the other branches of the same race merely by its darker 
complexion. This difference of colour has been accounted for by the influ- 
ence of a climate which has produced a similar change of colour even in 
those who, like the Portuguese, have settled there only for some centuries, 
If we look however more attentively at the descriptions which have been 
given of the physical properties of many tribes inhabiting the west and a 
great part of the centre of India, some in the mountainous districts of the 
Vindhya, like the Bhillas, Méras, Kolas, Gondas and Paharias, some even 
m the northern parts of the Himélaya and Beloochistan, as the Rajis or 
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Doms and the Brahuis, and others in the interior of the Dekhan, we cannot 
but admit that we meet here with a different race, which, by its physical and 
intellectual type, resembles closely the negro. The historical existence of 
this people we can trace in the Mahabhfrata as well as in the history of 
Herodotus, in both of which we find them mentioned in the north and north- 
west of India, while the existence of the same dark race in the south is 
authenticated, not only by Indian poems, but also by Strabo. 

There is also some difference between the Brahminical inhabitants of the 
north and the south of India, the latter being rather short in their stature 
and dark in their complexion, not however so much as not to show still on 
both sides the noble stamp of the Caucasian race. 

But while on physiological grounds we should find no difficulty in admit- 
ting those two races as the inhabitants of India, we have still to account for 
the difference of language which exists between the north and south of this 
peninsula. Ifthe great mass of the inhabitants of the Dekhan belongs to 
the Caucasian race, one would expect to find also amongst them a Cauca- 
sian or Indo-Germanic language. Instead of this we find that the southern 
languages are entirely and originally different from the Arian languages 
spoken in the north, and that they bear, so far as we may judge from the 
latest researches, a resemblance to the dialects spoken by the savage tribes, 
like the Bhillas and Gondas, which we considered as having a Cushite 
origin. 

But although these facts may seem contradictory and perplexing, yet these 
contradictions between the results of physiological and linguistical inquiries 
may be accounted for and reconciled by the aid of early tradition and 
history. 

When the Arian tribes immigrated into the north of India, they came as 
a warrior-like people, vanquishing, destroying and subjecting the savage 
and despised inhabitants of those countries. We generally find that it is the 
fate of the negro race, when brought into hostile contact with the Japhetic 
race, to be either destroyed and annihilated, or to fall into a state of slavery 
and degradation, from which, if at all, it recovers by the slow process of 
assimilation. This has been the case in the north of India. The greater 
part of its former inhabitants have entirely vanished at the approach of the 
Arian civilization; some however submitted to the yoke of the conquerors, 
and many of these have, after a long period of slavery, during which they 
adopted the manners, religion and language of their superiors, risen to a 
new social and intellectual independence. The lower classes of the Hindis 
consist of those aboriginal inhabitants, and some of them continue still up 
to the present day in a state of the utmost degradation, living as outcasts 
in forests or as servants in villages. Some however who came into a closer 
contact with their masters, by living as servants and workmen in the vicinity 
of towns, or in the houses of their employers, have intellectually and phy- 
sically undergone a complete regeneration, so that after three thousand years 
it would be difficult to trace the Sadra origin of many highly distinguished 
families in India. 

The Arian conquerors of India did not however settle over the whole of 
Hindustan, but following first a southern and then a south-eastern direction, 
they left a great part of Western India untouched; and it is there that 
we find still those aboriginal tribes, which, escaping the influence of the 
Brahminical as well as afterwards of the Rajput and Mahomedan conquer- 
ors, preserve together with their rude language and savage manners the up- 
couth type of theix negro origin. North of the tract of the Arian occups- 
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tions only few of these Autochthones have been spared, yet some remains 
of them may be recognised in the tribes of the Rajis or Doms, who live in 
the mountainous parts of the Himalaya. They all belong to the same wide- 
spread people with whom but lately in Gondwana English armies came into 
hostile contact to prevent their pillage and human sacrifices ; and it is curious 
to see how the descendants of the same race, to which the first conquerors 
and masters of India belonged, return, after having followed the northern 
development of the Japhetic race to their primordial soil, to accomplish the 
glorious work of civilization, which had been left unfinished by their Arian 
brethren. 

Wholly different from the manner in which the Brahminical people over- 
came the north of India, was the way they adopted of taking possession of 
and settling in the country south of the Vindhya. They did not enter 
there in crushing masses with the destroying force of arms, but in the more 
peaceful way of extensive colonization (agramas), under the protection and 
countenance of the powerful empires in the north. 

Though sometimes engaged in wars with their neighbouring tribes, these 
colonies generally have not taken an offensive but only a defensive part ; and 
it appears that, after having introduced Brahminical institutions, laws and 
religion, especially along the two coasts of the sea, they did not pretend to 
Impose their language upon the much more numerous inhabitants of the 
Dekhan, but that they followed the wiser policy of adopting themselves the 
language of the aboriginal people, and of conveying through its medium their 
knowledge and instruction to the minds of uncivilized tribes. In this way 
they refined the rude language of the earlier inhabitants, and brought it to 
a perfection which rivals even the Sanscrit. By these mutual concessions 
a much more favourable assimilation took place between the Arian and 
aboriginal race, and the south of India became afterwards the last refuge 
of Brahminical science, when it was banished from the north by the into-~ 
lerant Mohammedans. There remain still in some parts of the interior of 
the Dekhan some savage tribes, never reached by the touch of civilization ; 
yet upon the whole the Arian population, though comparatively small in 
number, has overgrowr the former population, so that physically only few 
marks of a different blood remain. It is interesting and important to ob- 
serve how the beneficial influence of a higher civilization may be effectually 
exercised without forcing the people to give up their own language and to 
adopt that of their foreign conquerors, a result by which, if successful, every 
vital principle of an independent and natural development is necessarily 
destroyed. 

The practical advantage of comparative philology is perhaps less evident, 
because only few have availed themselves of the results of this science, and 
applied them to the practical study of languages. Every one however knows 
how difficult it is to learn the first rudiments of a grammar, because all those 
terminations, suffixes and prefixes, with which our memory is at first over- 
loaded, are to our mind but mere sounds and names, while, by tracing their 
origin, their historical development, and their affinity with grammatical forms 
of other known languages, we begin to take some interest in them, and by put- 
ting them in connection with other ideas, find it easier to keep them in memory 
quickly and firmly. Besides, having once acquired the real understanding 
of any grammatical form, and having put its origin and power into its proper 
light, we can afterwards dispense with a great many rules which are neces- 
sary only from the want of a real understanding of these grammatical forms. 
These forms once thoroughly understood, we acquire a kind of feeling which 
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tells us in any particular case how far grammatical elements, in accordance 
with their primitive power, are able to express different shadows of mean- 
ing in the spoken language of a people. 

On the advantage which philosophy or science in general derives from 
comparative philology, I do not venture to add anything after what was 
so fully and clearly explained yesterday by Chevalier Bunsen, the re- 
presentative of German science in this country. Language must be consi- 
dered, in its connection with nature and with the human mind, as being the 
natural expression of every natural impression, as being the higher unity 
and absolute reality of objective nature and subjective mind. Language 
stands in the system of the intellectual world as light stands in the system 
of the physical world, comprising all, penetrating all, and revealing all. 
There is more indeed to be read in human language itself than in anything 
that has been written in it. 


Iw accordance with the resolution adupted at the last meeti 
Association, I have the honour to report that about thirty sets Be 
have been obtained from various stations in the British Islands: tHe 
points of the area embraced by these stations are the Orkneys and Jersey in 
one direction, and Galway and Dover in the other. The observations have 
been executed with great care by the respective observers, and mostly at the 
hours named in the instructions. In some cases the observations have been 
continued through October, November and December; in others, they com- 
mence about the middle of October and terminate at the end of November. 
As instances of the increasing interest manifested on this subject, I have the 
pleasure to notice that I have been furnished with curves from stations in the 
North, where the barometric movements have been considered to result from 
the transit of the great November wave. These curves are referred in each case 
to the same period, namely, from the 2nd to the 17th of November; and the 
observers have invariably regarded the regular rise and fall that occurred 
between these epochs as indicating a well-marked return of the great sym- 
metrical wave. 

Observations.—The following Table contains the names of the stations and 
observers from which observations have been received: it is right to mention 
that a series of observations was received from Birmin gham, but the curve 
presents so many anomalies, that it has not (except in some minor instances) 
been employed in deducing any of the succeeding results. 


TABLE I. 


Station. Vessel or Establishment.| Observer or Authority. 


Sandwick, Orkneys .............c+...] The Manse ......c00..00-- Rey. Charles Clouston. 

West coast of Scotland ............... H.M. Ketch “Sparrow” William Tarton, R.N. 

Largs, Greenock, &C. .......0....sc0008 H.M.S.V."'Shearwater”| Capt. C. G. Robinson, R.N. 

St. Vigean’s, near Arbroath ..... posed sseeeees beeecensece scsoeessene| Rev. John Muir. 

xP legarth, Dumfries-shire .........) The Manse ...............| Rev. William Dunbar, D.D. 

I akentoun, near Kelso ............05 The Observatory.........| Sir T. M. Brisbane, K.C.B. 

Longstone, Northumberland ......... Lighthouse. 

Newvastle-upon-Tyne ..........000+. Philosophical Society...| George Muras, Esq. 

Bowness, Westmoreland ............) ...ccscs0s Seceveccenssenoenscs Capt. Sir T. Sabine Pasley. 

Stokesley, Yorkshire ...cce.ssscseoses .| John Cail, Esq. 

Heligoland .....0css....cceesscessconsres 

Galway, Ireland Commander G. A. Bedford. 

Limerick, Treland .......cc...cooscsee] csscsccccsccocescoscsesseeeccs R. T. Maunsell, Esq. 

Bardsey Island off Wales ............ Lighthouse. 

Nottinghamshire (perish Lenton) ...| Highfield House .........| Edward Joseph Lowe, Enq. 

Boston, Lincolnshire ..... : W. Veall, Esq. 

Haisboro’, Norfolk ........000..cssssees 

Brecon, Wales ......00+...scssesseesss| cccsessoecccecesccenessececees James Price North, Esq. 

South Bishop off Wales............... 

Hobbs’ Point, Pembrokeshire ......| Royal Hotel............... Lieut. G. M. Alldridge, R.N. 

Gloucester .1.....cc00e sssssscccsssoosss| cosscccucsccccceceassesenescss John Jones, Baq. 

Stratton, near Cirencester ......000..-] ..0... wsecncceescossseeeeef Sir Thomas Tancred, Bart. 

Weston-super-Mare, Somerset .0....| ....cc.cescsesesasseesesseves C. B. Chalmers, Esq. , 

London ..... bt etcsstoeencseessssetense os| cecsccesecescsscesssceeses ...| W. R. Birt. 

Between Harwich and Dover ...... M.S.V. “Porcupine” | Capt. Frederick Bullock, R.N. 
aly Isles .........sesecscescececes »+.+-| Lighthouse. 

Helstone, Cornwall... Coenceats OOoeweees! sevcccccee Ceodarcrssscssce eenee M. P. Moyle, Eeq. 

St. Catherine’s Point, Isle of Wight.| Lighthouse. 

St. Helier’s, Jersey....... woeneey Capt. Childers. 


N.B. I am indebted to the Honorable the Corporation of the Trinity House for the Light- 
house observations, and to Rear-Admiral Beaufort, R.N., for the observations made on board 
the surveying vessels. W, R B. 
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The return of the November wave in the year 1846 occurred under very 
dissimilar circumstances to any that have been noticed in former years, and 
when contrasted with its transit in 1842, is extremely remarkable. The ba- 
rometer at London maintained an elevation above thirty inches from the 26th 
of October until the 16th of November, both inclusive, with a very slight 
depression (‘012 only) below thirty inches on the afternoon of the 2nd, the 
period of the commencement of the wave. About 9 a.m. of the 17th, the 
mercurial column had slightly descended below thirty inches, so that the de- 
velopment of the wave at London was altogether above thirty inches. In 
1845 the crest was scarcely elevated above this line. In consequence of this 
peculiarity the London curve is compared with those of former years, 
the altitude scarcely exceeding half an inch; these circumstances, in connexion 
with the usual character of the weather attendant on an elevated mercurial 
column, and the absence of strong gales of wind at the commencement and 
close of the wave, had no small tendency to mask it in the south-eastern parts 
of our island. The projected curve however strikingly developes its essen- 
tial features. The five subordinate waves, of which the great wave is com- 
posed, are well seen, although the inflexions are not strong; the central or 
crowning wave at London occupied jive days; the subordinsje waves on the 
anterior slope a little more than a day and a half each; the wave that im- 
mediately followed the central wave exhibited a greater development, having 
an amplitude of four days; and the closing subordinate wave a day and a 
half. The epoch of transit, November 9th, was slightly earlier than usual, 
but sufficiently near to regard these movements as a decided return of the 
wave, and strictly in accordance with the type as expressed in my last report. 

Previous to proceeding with the examination of the observations received, 
I beg to solicit the attention of the Association to the principle that I laid 
down in my last report, namely, that a barometric curve, including a com- 
plete rise and fall at any one station, does not represent the form of any 
reality in nature. The peculiar combination of barometric ascents and de- 
scents occurring about this period of November, and exhibiting a remarkably 
symmetrical arrangement under very diverse circumstances and with very 
different barometric altitudes, is a phenomenon that appears to receive its 
explanation in the crossing of various systems of atmospheric waves or cur- 
rents. The south-eastern portions of our island have generally presented the 
most symmetrical curves; and this circumstance, connected with the constant 
decrease of oscillation from the north-west, appears to indicate that about 
this part of the year, whateyer may be the volumes of the individual waves 
of pressure, however they may be affected with regard to velocity, or may 
be superposed on much more extensive normal waves, the two systems so 
cross each other in their respective progressions towards the north-east and 
south-east, as to produce by their combined effects the barometric phzeno- 
mena (so far as regards the curve) really observed. In the following notices 
of the observations, the term wave will be restricted to the protuberances on 
the symmetrical curve. 

The most symmetrical curve has been obtained from observations made 
on board HM.S.V. Porcupine, under the superintendence of Captain Fre- 
derick Bullock. The wave commenced off Walmer on the 2nd, culmi- 
nated on the 10th, the ship being in Ramsgate harbour, and terminated on 
the 17th, the vessel in Dover harbour. This curve is characterized by a 
rapid fall, which took place immediately upon the culmination of the great 
wave, value ‘27 between 9 a.m. of the 10th, and 3 p.m. of the llth. A second 
culmination, the crest of the first subordinate wave on the posterior slope, 
occurred on the 13th. 

The highest reading of the barometer in the series occurred at St. Vigean's 
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near Arbroath, east of Scotland, at $ p.u. of November 12th, the crest of the 
first subordinate wave on the posterior slope, value 30°66. This wave at this 
station, and indeed at all the northern stations, was so strongly developed as 
to appear in the form of a large protuberance on the back of the symmetrical 
wave. The culmination of the great wave occurred at 6 P.M. of the 10th, 
value 30°64; the fall immediately after this culmination was slight compared 
with that at Ramsgate, value ‘06; the barometer commenced rising at St. 
Vigean’s earlier than at Ramsgate. 

At Stornoway in the Western Isles, the curve obtained from observations 
made on board H.M. ketch Sparrow, under the direction of Commander 
Otter, presents a most striking and marked difference to that representing 
the observations at Ramsgate. At the commencement of the great wave the 
barometer at the Western Isles was more than half an inch below that at 
Ramsgate, wind S.W., force9. The two anterior waves, which were scarcely 
perceptible at Ramsgate, were well-developed at the Western Isles, the baro- 
meter at the latter station gaining on that at Ramsgate during their transits. 
On the evening of the 6th both barometers began to rise, the one at the 
Western Isles very rapidly, so that at noon of the 8th the pressure was equal 
at the two stations. The curves then diverged, Ramsgate being still supe- 
rior, and the movements being of an opposite character until midnight of the 
9th. The fall characterizing the Ramsgate curve did not occur at the West- 
ern Isles; the curve at the latter station continued to rise until the forenoon 
of the 12th, when the altitude of the barometer was equal to that at St. 
Vigean’s: these curves, Stornoway and St. Vigean’s, run nearly together until 
the morning of the 15th, both being superior to Ramsgate ; at 9 p.m. of the 
15th the Stornoway curve crosses the Ramsgate, the barometer at the 
former station falling rapidly. At Stornoway the first wave on the posterior . 
slope of the symmetrical wave is so strongly developed as completely to 
mask the central wave. 

The following Table exhibits the phenomena above noticed ; also the alter- 
nations of the barometric differences. 


TABLE II. 


Barometric altitudes and differences observed at Stornoway in the Western 
Isles north-west of Scotland, and Ramsgate south-east of England, during 
the transit of the Great Symmetrical Wave of November 1846. 


Storao- 


"37 | 30:28* 
30 


* Reading at 4 p.m. 
1847. QA 
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Somewhat similar alternations of pressure were exhibited at the stations 
Stornoway and Helstone ; in the following Table the altitudes have been cor- 
rected and reduced to the level of the sea. It is to be remarked that during 
the period of the great wave, the curve at Helstone was altogether infertor 
to that at Ramsgate. 

TABLE III. 


Barometric altitudes and differences observed at Stornoway in the Western 
Isles, and Helstone in Cornwall, during the transit of the Great Symme- 
trical Wave of November 1846. 


Hel- Storne- | Storno- 


Epoch, Nov. stone. way. | way +. 
2. 9 A.M....00. ° | 10. 3 p.m.......] 30310 | 30- +°123 
3 P.M. woe... ‘287 | = °474 | +-°187 

9 p.m 266 | -497 | +-231 

3. 9 A.m....... 295 490 | +--195 
3 P.M 342 547 205 

9 p.m 327 "543 | +-216 

4. 9 a.m. 329 $38 209 
9 pm 254 | -467 | +213 

5. 3 p.m 289 440 | +°151 
9 p.m 198 | -361 | +-163 

6. 9 p.m 156} -314 | +-158 
7. 9 A.M....000 19] 310 | 4--189 
3 p.m 30-021 233 | +°192 

9 p.m 29-986} -171 | 4+-°185 

8. 9 a.m 30-028 | 30-110 | +--082 
3 p.m 29-981 | 29-873 | —-108 

9 p.m 885 | -765 | —-120 

9. 9 a.m 825 €33 | —-°192 
3 P.M. co. 705 | 487 | —-218 

9 P.M. ...... 799 | 415 | —-384 
10. 9 a.m....... 869 | -474 | —-395 


The curves at Stornoway, the Orkneys, Largs and Applegarth Manse, the 
north-western stations, run nearly together during the whole of their course ; 
their intersections are very numerous; the greatest extent of their divergence 
is ‘27. During the transit of the first posterior subordinate wave, Stornoway 
exhibited by far the greatest pressure. The curve at the Orkneys agrees with 
that at Stornoway in the maximum being identical with the crest of the first 


* Reading at 4 rim. 
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posterior subordinate wave. During the first six days these curves inter- 
sected as many times; upon the setting-in of the central wave they began to 
diverge, Stornoway being superior; the rise at both stations from 9 p.m. of 
the 6th to noon of the 8th was very rapid; the greatest amount of divergence 
occurred on the transit of the maximum on the 12th; after which they 
converge until the 16th, when they run together. 


TABLE IV. 


Limits of Range, North-western Curves, Stornoway, the Orkneys, Largs and 
Applegarth, including Limerick. 


Epoch. Range. Epoch. Range. 
Nov. 2...... ‘27 Nov. 10...... 18 
a 15 ll. oe Dh 
re 12 12 ...... 26 
5 wuoees L7 18...... 24 
6 ...... 17 14. oe °22 
Tove cece 18 15...... 23 
8...... 18 16 ...... 28 
9 ....5. 14 | rr 18 


In consequence of the greater development of the first posterior subordi- 
nate wave in the north-west, the symmetry of the great wave is destroyed in 
these localities: the two crests are clearly traceable in all the curves, although 
at the Orkneys and Stornoway the crest of the central wave is considerably 
below that of its succeeding wave, so much so as to prevent its appearing 
even as a subordinate maximum. Observations from the following stations, | 
Stornoway, the Orkneys, Largs, Applegarth Manse, St. Vigean’s, Limerick 
and Galway, all agree in reading the maximum of the first posterior subordi- 
nate wave higher than that of the central wave, and clearly mark out Scotland 
and the western parts of Ireland as the area of the greatest development of 
this wave. The Limerick curve closely agrees with those at Stornoway and 
the Orkneys in exhibiting only one principal maximum—that of the 12th. 
From the 8th to the 12th, the barometers at the Orkneys and Limerick ex- 
hibited equal pressures. The maximum at Limerick was somewhat similar 
to that at Largs, and after its transit the curves at the stations were also 
somewbat similar. ; 

The Limerick curve may be classed with the north-western, not only as 
agreeing with the Stornoway and Orkneys’ curves in the greater development 
of the maximum of the 12th, but also in its numerous intersections of the 
curves at Stornoway, Largs, Applegarth and the Orkneys. From this we learn 
that during the period of the great wave over an area extending from Lime- 
rick towards the north-east as far as the Orkneys, the barometric differences 
did not exceed ‘30*. Galway is excepted from this class. During the ante- 
rior slope of the wave the pressure at this station was generally ‘30 below that 
at the other stations, and with one exception always more than °20. 

The curve at Galway in Ireland differs most materially from all the others, 
not only in its general form having a large protuberance on the anterior slope 
of the great wave, which gives the appearance of a broud crest, extending 
from noon of the 7th to midnight of the 12th, with an intermediate depres- 


* This may be interestingly compared with the differences of Ramsgate and Stornoway, 
and goes far to show that the greater differences of atmospheric pressure result more or less 
from the north-western system of waves, and that the greater oscillations approach us from 
the north-west. 

2A2 
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sion, but also (with the exception of this protuberance) being considerably 
below all the other curves. This, which at first sight appears as a very ano- 
malous character, is clearly explained by the presence of a ridge of pressure, 
hereafter to be noticed, existing in the neighbourhood of Arbroath, of which 
the low pressure at Galway appears to be the posterior trough. This is borne 
out by the pressure at Limerick so far recovering as to be classed among the 
_ north-west curves. 

The Limerick and Helstone curves exhibit a somewhat symmetrical alter- 
nation of pressure. Until midnight of the 6th the barometer at Helstone was 
higher than that at Limerick ; at this time both barometers were rising, but 
that at Limerick much more rapidly than that at Helstone. Helstone attained 
its principal maximum, the crown of the great wave, on the 9th; from this 
time to the 12th the movements at both stations were opposite, rising slightly 
at Limerick, falling slightly at Helstone. After the passage of the second 
maximum, which occurred earliest at Limerick, the curves converge, and 
cross about 9 p.m. of the 15th at nearly the same altitude as that at which 
they intersected on the 6th. 

During the first eight days the Helstone curve is found among those of 
the north-western group. From this group it considerably diverges in the 
interval between the passages of the two crests on the 9th and 12th, and is 
again found among the north-western curves after the 14th. 

The curve representing observations at St. Helier, Jersey, presents a stri- 
king resemblance to those of Helstone and Limerick, until the maximum of 
the 9th; after this date it more closely follows the Helstone curve. The 
intersections of the ¢iree curves occur nearly at the same epochs as the inter- 
sections of the Helstone and Limerick curves,—midnight of the 6th, and 
noon of the 15th. In many respects the Jersey curve resembles that of 
Ramsgate ; and it closely agrees with the Helstone curve, in being altogether 
lower and not intersecting the Ramsgate curve. 

The whole extent of the British Isles is divided into fo barometric areas, 
distinguished in one case by the superiority of the maximum of the 9th, that 
of the central or crowning wave of the great symmetrical wave; and in the 
other by the superiority of the maximum of the 12th, that of the first sub- 
ordinate wave on the posterior slope. A line passing between Arbroath and 
Newcastle, south of Dumfries, and between Ireland and Wales, separates these 
areas. North-west of this line we find the maximum of the 12th superior, 
and attaining its greatest altitude at Arbroath. South-east of this line we 
find the maximum of the 9th superior. The following Table exhibits the de- 
pression of the maximum of the 12th below that of the 9th. It will be seen 
that this depression increases towards the south-east angle of our island. 


TABLE V. 


Depression of the Maximum of the 12th of November below that of the 9th 
of November, 1847. 


Station. Depression. Station. Depression. 
Eng. in. Eng. in 
Applegarth.............. ‘000 | Nottingham ............ 
Makerstoun ............ "004 | Weston-super-Mare ...... 070 
Hobbs’ Point ............ °020 Gloucester .............. 090 
Newcastle .......... oo. °038 Cirencester .............. "094 
Helstone................ °037 London ..,.....00-..204 °110 
Bowness ..........0000-. 7050 =| Jersey .... 2... cee can 2 117 
Brecon .......... 00000. 050 Ramsgate .............. 160 


ON ATMOSPHERIC WAVES. 357 


DisTRIBUTION or Pressure.——Jn the following remarks the term wave is 
used in the same sense as indicated in my last Report. See definition 
and phenomena of an atmospheric wave. 

Distribution of Pressure-—In examining the distribution of pressure over 
the area of the British Isles, as manifested by these observations, the first 
point that strikes our attention is the existence of a crest which extended 
from Jersey to Limerick on the evening of the 4th, and transited the stations 
in the following order: Jersey, Helstone, Limerick. This crest was situated 
on the posterior slope of a wave, probably at right angles to it, as indicated 
by the pressure decreasing from Jersey to Limerick: immediately on the 
transit of this crest the barometer fell at the three stations; the greatest fall 
occurred at Jersey; the next in order was at Helstone, and the smallest at 
Limerick*. The passage of this crest is clearly traced towards the north- 
east. The posterior slope of the wave over which this crest passed is wel 
seen from the observations at the following stations :— 


Jersey. Ramsgate. 

Helstone. London. 

Limerick. Largs. 
Stornoway. 


Daring the passage of this crest, and indeed nearly throughout the whole 
of the transit of the great wave, the barometer at St. Vigean’s was supe- 
rior to those at all the northern stations. The barometer at Newcastle was 
also superior to that at Helstone, with only one exception, during the same 
period. This is exhibited in the following Table, in which the readings of 
both barometers have been reduced to the level of the sea. 


TaBLeE VI. . 


Barometric altitudes and differences observed at Newcastle-upon-Tyne, | 
Northumberland, and Helstone in Cornwall, during the transit of the Great 
Symmetrical Wave of November 1846. 


vee {99°791 | 99-994 | +- 3pm. ....|80310 | 30-558 
° ° ee tae ‘287 ‘579 


* The point marked * in fig. 8 indicates this crest. 
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At the commencement of\the wave a posterior slope that extended towards 
the north-west was indicated by the observations,— 


Ramsgate. Jersey. 
London. Helstone. 
Arbroath. Limerick. 


It would appear that at stations south-west of Arbroath the barometer 
indicated a decrease of pressure, so that a posterior slope contemporaneous 
with the one just noticed extended towards the south-west. That the crest 
of this last-mentioned slope passed near St. Vigean’s is extremely probable, 
from the superiority of the Stornoway to the Orkneys’ curve. is superi- 
ority was maintained during the transits of the two maxima of the 9th and 
12th: we have consequently the crest passing in the direction of Arbroath 
to Stornoway, with a very slow motion towards the north-east. 

The curves at Largs and Limerick bear testimony to the same conclusion ; 
throughout the whole of their course, with one or two very slight exceptions, 
the curve at Largs is superior to that at Limerick. The three stations, Ar- 
broath, Largs, Limerick, clearly indicate the presence of the posterior slope 
of this slowly-moving wave*. We have therefore— 


I. The posterior slope of a wave extending from north-east to south-west. 
II. The posterior slope of a wave extending from south-east to north-west. 
III. And a wave moving much more rapidly than either coming from the 
south-west, the crest passing over the area in about one day. 
This wave forms the second subordinate wave on the anterior slope of 
the great wave, point a, fig. 8. 


The next remarkable phenomenon that occurred was the transit of the 
trough succeeding the posterior slope of the north-west wave (II.), which 
took place about midnight of the 6th, as indicated by the intersections of the 
curves at Jersey, Helstone and Limerick (see fig. 8, first intersection of 
curves). The altitude of the intersection was 30°05. As usual the greatest 
rise occurred in the north-west; but upon the transit of the crest on the 4th 
the greatest fall was observed in the south-east. The curves in fig. 8, as far 
as the point of intersection, illustrate this. 


Jersey.......... rab 12 
Helstone ........ 33 14 

05 
Limerick........ 37 —_ 


* The same fact is indicated by the Ramsgate and Jersey curves. The Jersey curve 
throughout the whole of its course is below that of Ramsgate. The same thing holds good 
of the Ramsgate and Helstone curves; Helstone is inferior to Ramsgate. 

The most striking and conclusive evidence we have on this head is the general inferiority 
of the Galway curve, which clearly indicates the posterior trough of this slow-moving wave; 
in fact, so low is this curve as compared with all the others, that at first sight we may be 
inclined to attribute its inferiority to some circumstances connected with the instrument ; we 
however find towards the close of the great wave, and more especially during the succeeding 
three days, the Galway curve approaching the Stornoway curve, and intersecting it shortly 
after noon of the 20th. The same phenomena are presented by the Jersey and Ramsgate 
curves; the former approaches the Ramsgate curve, and intersects it about the same time 
the Galway intersects the Stornoway curve. The movements at Limerick are precisely in 
accordance with this slow-moving wave ; the station is situated under the anterior slope of 
the succeeding wave. The curve at Limerick first approaches that at Stornoway, intersects 
it about the close of the great wave, and rises considerably above Stornoway and Galway. 
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The abrupt and precipitous rise that occurred af‘all the northern stations 
and especially at Galway, appeared to be compounded of the anterior slopes 
of the two waves that succeeded ; first, the wave-crest that passed over the 
area from the south-west on the 4th; and second, the posterior slope that 
produced the diminution of pressure from the south-east towards the north- 
west at the same time. About noon of the 6th the barometer began to rise 
rapidly at Limerick and Helstone; it was nearly 9 at night when the rise 
commenced at Jersey and London. It also commenced about the same time 
at Largs and Stornoway; at a later period at Ramsgate, and about midnight 
at Arbroath and the Orkneys. The anterior slope of the second south- 
westerly wave was fully established over the area by midnight of the 6th. 
The intersections of the Limerick, Helstone, and Jersey curves clearly indi- 
cate the presence of the anterior slope of the second north-westerly wave. 

An intersection of the Ramsgate and London curves, from the transit of 
the trough succeeding the posterior slope of the north-west wave (II.), did not 
occur. From the rise of the 6th to nearly the end of their course they run 
together: the curves at Helstone and Jersey run nearly together from the 6th 
until the 11th, and this would indicate that the trough either remained in the 
neighbourhood of Jersey, or that it was very broad and nearly of the same 
level. Limerick is usually -10 above Helstone, so that we have a diminution 
of pressure from Limerick to Helstone of that amount. The observations 
from Hobbe’ Point agree with this diminution, and clearly indicate the pre- 
sence of the anterior slope of the succeeding north-west wave. This wave 
does not appear to have extended much further towards the north-east than 
the line joining Ramsgate and Limerick, as the original slope from south-east 
to north-west exists for several days after, although much contracted, unless 
the south-westerly slope produced the appearance of a succeeding wave. 

The abrupt rise which commenced on the 6th terminated about 9 A.M. of | 
the 8th, when the barometer passed a slight maximum at Limerick: this 
maximum also occurred in a slighter degree at Helstone; at Galway it was 
very decided, and can be traced more or less in all the northern curves. 

This rise was greatest at the north-western stations, those that were situ- 
ated towards the trough of the first north-west wave: it appears to have been 
occasioned by the anterior slope of a south-west wave succeeding the south- 
west wave that transited on the 4th ; by its influence the curves at Stornoway 
and Largs were brought to a level with the London and Ramsgate curves, 
and this would indicate the direction of the crest. A careful consideration 
of the curves leads to the conclusion that the two south-west waves were en- 
tirely independent of each other, the greatest swell of the first occurring in 
the neighbourhood of Jersey, that of the second in the north-west; their 
directions also appear to be decidedly different. 


Phenomena of the Barometric Rise observed over the area on the 6th, 7th, 8th, 
9th and 10th of November 1846. 


(1), (2). Helstone and Limerick, Nov.6, 9 a.m.—This rise was first observed 
at Helstone and Limerick, and at these stations evidently resulted from the 
anterior slope of the wave, or rather waves, that succeeded those that transited 
on the 4th and 5th. The rise at Helstone was at first rapid, but at 9 A.M. 
of the 7th it received a slight check. A very decided bulge occurred during 
the night between the 7th and 8th; at 9 A.M. of the 8th the barometer passed 
a slight maximum, the principal. maximum occurring at 9 p.m. of the 9th. 

At Limerick the rise was much more rapid; from the intersection of the 
curves at midnight of the 6th, it appears certain that the anterior trough of 
the north-west wave had passed Helstone ; the rapid rise, probably from the 
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anterior slope of the south-west wave, received a check still slighter than at 
Helstone about the same time; about 10 a.m. of the 8th the barometer 
assed a slight maximum. 

(8). Galway, Nov. 6, 3 p.m.=-The barometer, which had been falling since 
midnight of the 5th, from the same cause as at Limerick and Helstone, 
namely, the posterior slope of the south-westerly wave, suddenly commenced 
rising very rapidly. Observation at 3°p.m. 29°64. At midnight, after rising 
26 inch, it received a check; this was about the time the trough of the 
north-west wave passed. At 6 a.M. of the 7th it again commenced rising, 
and at 9 a.m. had attained the altitude of 30°10, making a rise of °46 in 18 
hours. After this epoch it rose but slightly, attaining a maximum of 80°15 
at 3 p.m. of the 8th, the maximum previously observed at Helstone and Li- 
merick. After this it as gradually declined until 9 a.m. of the 9th, when it 
began to fall rather rapidly. From 8 p.m. of the 7th to 9 a.m. of the 9th it 
was nearly stationary, presenting a broad well-defined symmetrical crest. 
While this stationary character of the barometer occurred at Galway, the ba- 
rometers at Limerick and Helstone were both rising. 

(4). Hobbs’ Point, Nov. 6, 9 p.m.—The smaller wave succeeding the wave- 
crest of the 4th noticed at Helstone, Limerick and Galway, appears to have 
geen obliterated at Hobbs’ Point; it is scarcely observable in the Jersey curve; 
and appears as a very slight rise on the upward movement of the curve at 
Hobbs’ Point. The great rise commences at 9 P.M., and continues uninter- 
ruptedly until the maximum of the 8th is attained at94.mM. This is about 
the period of the Helstone and Limerick maximum, and earlier than the 
Galway. The later occurrence of the commencement of the rise appears to 
have resulted from the progress of the éwo anterior slopes. After the pas- 
sage of the maximum the barometric variations are but slight. 

(5). Cirencester (Stratton), Nov. 6, 3 p.m.—The wave-crest of the 4th is 
but slightly discernible at this station. The great rise is however very 
distinct, commencing at 3 p.m., and it proceeds almost uninterruptedly until 
9 a.M. of the 8th. After this epoch the curve more resembles the Helstone 
and Limerick curves in its rising to the principal maximum of the 9th. 

(6). Gloucester, Nov. 6, 3 p.m—The same obliteration of the wave-rrests 
of the 4th and 5th is observed at this station as at Stratton; the great rise 
commenced about the same time, 3 p.m., and proceeded with some rather con- 
siderable trepidation to the maximum of the 8th, which in this curve appears 
only asa slight bulge on the upward movement to the maximum of the 9th. 

7). Brecon, Nov. 5, 5 p.mM.—The wave-crest of the 4th, extending from 
Jersey to Limerick, passed Hobbs’ Point, Brecon and Birmingham nearly at 
the same time. It is worthy of notice, that at Gloucester, Cirencester, Not- 
tingham and Newcastle it is nearly obliterated; the succeeding wave to this 
crest was quite obliterated at Brecon, so that the rise at the station com- 
menced at 5 p.m. of the 5th, and proceeded uninterruptedly until the maxi- 
mum of the 8th at 9 A.M. 

(8). Jersey, Nov.6, 5 p.m.—The rise at this station commenced at 5 p.m. of 
the 6th; this was clearly from the anterior slope of the south-west wave; it is 
much less rapid than either at Helstone or Limerick. The interruption of the 
7th, observed at Limerick and Galway, is marked by a small bulge, indicating 
the same cuuses to have operated over a tract from Jersey to Galway. These 
causes appear either to have ceased or to have been rendered neutral at Hobbs: 
Point, Brecon, Gloucester and Cirencester. 

(9). Ramsgate, Nov.6, 9 p.m.—An almost uninterrupted rise with the 
same bulpe of the 7th, but a greater range. This range appears to have 
arisen from a funnel-shaped depression early in the morning of the 6th. 
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(10). London.—An undulating rise, the bulge of the 7th well-marked, but 
later than at Jersey. The barometer experienced a decided check at 9 a.m. 
of the 9th, maximum at night. This check is seen at Newcastle and Ma- 
kerstoun. 

(11). Nottingham, Nov. 6, 9 p.m.—The same obliteration of the waves 
of the 4th and 5th, as observed at Gloucester and Cirencester, is noticed here. 
The curves at Gloucester and this station are very similar We may notice, 
that this appears to obtain in certain localities and in certain directions across 
the island. Thus Applegarth and Makerstoun present nearly similar curves. 
The curves at Hobbs’ Point, Gloucester and Nottingham, are also very simi- 
lar, and the direction of these lines, Applegarth and Makerstoun, Gloucester 
and Nottingham, are nearly the same. The curves at Hobbs’ Point, Glouces- 
ter and Nottingham, all agree in a very considerable rise previous to the 
transit of the crest of the 4th; but instead of the deep depression noticed at 
Jersey after this crest had passed, a very slight depression indeed occurs at 
Hobbs’ Point and Gloucester, and none at all at Nottingham. The great 
rise occurs at Nottingham at 9 p.m. of the 6th, and proceeds almost uninter- 
rvotedly until the maximum of the 9th, with the exception of a slight bulge 
answering to the interruption of the 7th in the south-western and western 
curves. 

(12). Newcastle, Nov. 6, 3 p.m.—The curve at this station in some re- 
markable features presents considerable similarity to the curve at Birming- 
ham, especially in the considerable rise previous to the transit of the wave- 
crest of the 4th, and the slight development of this und the succeeding wave. 
The great rise commences at 3 p.m. of the 6th; it is however but slight 
during the 6th and 7th, and in this respect presents a most marked contrast 
to the great rise at Galway. At9 p.m. of the 7th a rapid rise took place, 
which terminated at 9 a.m. of the 8th; the barometer, however, continued | 
to rise until 9 a.m. of the 9th at a slower rate: this rise from 9 p.m. of 
the 7th to 9 a.m. of the 9th, appears to have been the same as that noticed 
at Birmingham from $ p.m. of the 8th to 9 A.M. of the 9th, and to have re- 
sulted from the auterior slope of a north-west wave. 

(13). Makerstoun, Nov. 6, 1 p.m.—The curve at this station presents an 
almost uninterrupted rise from the 6th to the maximum of the 10th; it ex- 
hibits much trepidation ; the maximum of the 8th apparent as a bulge (only 
one observation ). 

(14). Largs, Nov. 6, 3 p.M.—The barometer commenced rising at this 
station at $ p.m., the same hour as at Galway, and continued to rise until 
3 a.m. of the 7th, when it received a check. This is clearly identical with 
the first portion of the Galway curve (Galway “26, Largs 18). This check 
continued until $ p.m. of the 7th, the barometer having risen ‘02, when it 
again commenced rising. At 9 p.m. it was again checked. This second check 
appears to be identical with the shoulder of the Galway curve at 9 a.m. of 
the 7th. At 3 a.m. of the 8th another rise commenced, and the maximum 
of the 8th was attained at 9 p.m., six hours later than the same maximum at 
Galway. 

( 15). Applegarth, Nov.6, 9 p.m.—The rise at this station could not be 
said to have commenced until 9 p.m. The barometer had been slightly 
rising since 9 p.M. of the 5th, producing a small bulge; this bulge is evi- 
dently the rise of the 5th, the succeeding wave to the crest of the 4th, so 
conspicuous from Helstone to Galway. This wave is more or less apparent 
in ali the northern stations, particularly St. Vigean’s; its principal develop- 
ment occurred at Galway. The great rise is well-marked, proceeding almost 
uninterruptedly to the maximum of the 10th, two bulges marking the curve 
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at the points of interruption of the 7th and maximum of the 8th. The whole 
rise from the depression of the 5th to the maxinium of the 10th=°44. 

(16). Stornoway, Nov. 6, 9 p.m.—The rise commenced at 9 p.m. of the 
6th, and proceeded most uninterruptedly until 9 p.m. of the 8th, the epoch 
which marks the cessation of the rapid rise in all the northern curves. 

(17). The Orkneys, Nov. 6, 12 p.m.—At this station the rise commenced 
at midnight, and proceeded in the same uninterrupted manner until 9 p.m. of 
the 8th. 

(1 8). St. Vigean’s, Nov. 7, 54 A.M.—At this station the rise commenced 
still later; the maxima of the 4th and Sth, now transferred to the 5th and 
6th, and identical with the same movements at Ramsgate, are very apparent. 
At $ past 5 of the morning of the 7th the rise commenced ; at 6 p.m. of this 
day it received a check, the first check of the Galway and Largs’ curves. 
The second check occurred shortly before noon of the 8th. The maximum 
of the 8th appears as a bulge on the flattened portion of the curve as it pro- 
ceeds to the maximum of the 10th. 

In the following Table the phenomena of this rise, so far as regards ex- 
tent and duration, are collected in one view. The arrangement is governed 
by the facility with which certain features of the rise are traced in neigh- 
bouring curves. 

TaBce VII. 


Extent and duration of the barometric rise that occurred over England, Wales, 
Scotland and Ireland, on the 6th, 7th and 8th of November 1846. 
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1. Approach of anterior slope of south-westerly wave. 
2 


3. Approach of same wave, most probably combined with the approach of the anterior 
slope of the north-westerly wave. 

4. The greatest rise ; barometer stationary nearly two days after. 

5. The principal features in the Galway rise transmitted to Largs. 

6. Small wave of the 5th obliterated. Curve flattened after the maximum of the 8th. 

7. Wave-crest of the 4th but slightly discernible. 

8. Wave-crests of the 4th and Sth obliterated. 
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9. Wave-crest of the 4th apparent. Wave-crest of the 5th obliterated. Rise counted 

from the posterior trough of wave-crest of the 4th. 

10. Barometer* still rising. Wave-creat of 5th scarcely discernible. 

11. The smallest rise, Birmingham excepted; barometert still rising. Wave-crests of 4th 
and 5th very discernible, with a funnel-shaped depression hetween them. 

12. Barometer? still rising. Undulating rise. 

13. The termination of this rise is merely a bulge on the upward curve. The barometer 
continued rising until 9 a.m. of the 9th. 


14. This appears to have been the greatest rise at this station during the period of the ge- 
neral rise. We have before referred to the anomalous charactér of this curve. 
ie Newcastle and Birmingham curves in many respects similar. 


l 
17. Uninterrupted rise to maximum of the 10th ; termination of rise only a bulge. 


18. An almost uninterrupted rise to the maximum of the 10th. Two bulges on the 7th 
and Sth. 


19. An uninterrupted rise until 9 p.m. of the 8th. The epoch of the cessation of the rapid 
rise at the northern stations. 

20. An uninterrupted rise. 

Distribution of pressure-—We have already noticed the direction of the 
wave-crest of the 4th across England and Scotland. Arbroath is still the 
highest point, indicating the position of the slow-moving crest (1.); its alti- 
tude is about ‘10 higher than the crest of the second south-west wave. About 
midnight of the 7th the curves at Ramsgate and Arbroath intersected from 
the transit of the trough of the north-west wave. 

Contemporaneous with the slow-moving crest passing from Arbroath to 
Stornoway, we have a depression passing from Newcastle to Dumfries. We 
have already noticed Galway as the point of greatest depression ; it is highly 
probable that the elevation south-west of this depression raised London and 
Ramsgate above Limerick. 

Although the barometer passed a maximum on the 8th, which is more or | 
less apparent in all the northern curves, it continued to rise over the whole 
area until the 9th, when a fall occurred in the south-east. The passage of 
the maximum just preceding this fall, marks the true crest of the symmetrical 
wave. The following Table exhibits the epochs of transit, and clearly indi- 
cates the passage of the crest from the south-west. 


Tasie VIII. 
Epochs of transit of the first Crest, the true summit of the Great Symmetrical 
Barometric Wave. 
November 9. Previous to 9 P.M. :— 
JOrSeY .....ccseceeeee NOV. 9. 5 PiMe cevcceee +o00230°S00 
November 9. At or near 9 P.M. :— 
Helstone . ....0.20. NOV. 9. 9 PsMesse cos cecceseee30°S79 * 
Weston .....ccccece NOVe QoQ PeMuccscccceseee eee 30110 
London ....0..0000e NOVs Qo QD PeMeses coe cee cee ee D051 1 
Hobbs’ Point.,.... Nov. 9. 9 P.M. ...00cccccee2230°380 
November 9. About midnight :— 


Cirencester ....... Nov. 9. 12 night............80°138 
November 10. About $ a.m. :— 

Gloucester .. ....,.Nov. 10. 3 AcMe coo cescoeee 30°340 
November 10. At 6 A.M.:— 

Nottingham ...... Nov. 10. 6 AcMe ssccceeee 00+30°S45 


November 10. At or near 9 A.M.:— 
Ramsgate ...... ..NOV. 10. 9 A.M. ...scceeee eSO56OF 
* Reduced to the level of the sea. ) 


t Tre true crest appears to have passed Ramsgate earlier. This rise appears to have been 
very 
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November 10. At or near 9 A.M.:— 


Limerick ......... Nov. 10. 9 A.Me .ccceccee se. 30°460 
Brecon ......ccceee Nov. 10. 9 A.M. seccoesee ss 30'030 
Bowness ......0.. Nov. 10. 9 A.M. ...cceeeeeee90' 100 
Newcastle ......... Nov. 10. 9 A.M. occeeceeeee30°594* 
Applegarth ...... Nov. 10. 9 A.M. ....eee0+.-30°400 
November 10. Between 9 A.M. and 9 P.M.<— 

Makerstoun ...... Nov. 10. 115 10™ a.m, ....30°352 
St. Vigean’s ..... Nov. 10. 6507 p.m. ......30°640 


In the north-west the barometer continued to rise from the approach of the 
crest of the north-west wave succeeding the trough before noticed. In con- 
sequence of the two movements the anterior slope became well-developed 
after the 10th. 


Nov. 4. Nov. Il. 
Ramsgate. Stornoway. 
London. Largs. 
Largs. London. 
Stornoway. Ramsgate. 


From these considerations, we learn that about seven days elapsed during 
the transit of the posterior slope of the first north-west wave, the inter- 
vening trough, and the succeeding anterior slope of the second north-west 
wave. 

In the year 1842, the interval that elapsed between the greatest develop- 
ment of the posterior slope of wave No. 2, which came from the north-west, 
and that of the greatest development of the anterior slope of wave No. 4, 
also from the north-west, was eight days (Report, 1846, pp. 147 to 153). 
During the transits of these slopes we had two waves of the south-west system, 
with a small one, Crest No. 7. 

In the fall which succeeded the transit of the crest from the south-west on 
the 9th, we observe precisely the opposite effects to those noticed on the 
occasion of the rise of this wave, or of that immediately preceding it. When 
the anterior slope was coming up, the posterior slope of the north-west wave 
extended from south-east to north-west, we consequently had the greatest rise 
in the north-west. Now the anterior slope extends in the same direction, 
and the crest is rapidly approaching, we have the greatest fall tn the south- 
east. 
Upon the transit of the crest of the north-west wave on the 12th, all the 
curves, especially the northern, were characterized by a deep and preci- 
pitous fall. In the year 1842 a similar characteristic was observed ; the 
extent of the fall at the Orkneys and the time elapsed are nearly similar in 
both ‘cases. It appears that the transits of north-westerly waves are charac- 
terized by deep and precipitous posterior slopes in the north-west ; at least, 
in so far as the period of the great symmetrical wave is concerned. At the 
period of this fall in 1846 the barometers at Arbroath and Stornoway in- 
dicated an equality of pressure, which was maintained for nearly three days. 
Largs, which had been superior to the Orkneys since the 6th, slightly inter- 
sected at the transit of the north-west crest, but soon regained its superiority ; 
this is in strict accordance with our previous remarks on the slow-moving 
wave-crest. Dumfries and Ramsgate are the next that intersect at a still 
lower level under the posterior slope of the south-west wave ; Helstone is still 
lower than Ramegate and Dumfries; and Jersey exhibits a still smaller 
amount of pressure. The extent of this fall from the transit of the crest to 
the close of the great wave is exhibited in Table IX. 


® Reduced to the level of the sea. 
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TABLE IX. 


Barometric fall from the apex of Nov. 12, 18, to 9 a.m. of the 17th, the mean 
epoch of the termination of the great wave. 


Newcastle .... 
| Hobbs’ Point. . 


St. Vigean’s ..| -90 | Stokesley .... 
Limerick ....} °* 


Applegarth ... 
Makerstoun .. 


From these numbers it appears that the fall at the Western Isles was more 
than three times as great as the fall at Jersey. 

This table brings clearly before us the locality of greatest range, namely 
the north-west, a result perfectly in accordance with those of previous inves- 
tigations. It appears that sufficient attention has not been given to this 
subject. Table X. exhibits the barometric ranges from the anterior trough 


TABLE X. 


Barometric Ranges from the Anterior Trough to the first and second Summits 
of the Great Symmetrical Wave of November 1846. 


Station. ise. Time. Remarks. 
d h 
Stornoway ..... wae 10 18* 
Orkneys.......-.- 11 3° Co-ordinates measured from 
Limerick ........ lo 0 anterior trough to the summit 
Largs........-.6+ 10 12 of the second crest, the highest 
St. Vigean’s ...... 9 21 in these observations. 
Galway ........6.. 10 12 
Applegarth ...... 9 12 
Makerstoun ...... 7 14 
Newcastle ........ 712 
Bowness.......... 7:12 
Gloucester........ 712 
Seabed Point...... 7 ie Co-ordinates measured from 
Helstone seeeees 7 6 anterior trough to the summit 
Cirencester........ 7 8 of the first crest, the highest in 
Nottingham vesees 7 9 these observations. 
London .......... 7 4 
Weston .......... 7 6 
Ramsgate ........ 712 
Jersey .....--e0e 7 0 


* The anterior trough at these stations is estimated to have passed on Nov. Ist, the mini- 
mum of the Ist being considerably the lowest at the Orkneys. At all the other stations the 
minimum of the 2nd has been regarded as the commencement of the great wave. 


866 REPORT—1847, 


to the summit of the second crest in the north-west, and to the summit of the 
first crest at the southern stations; and Table XI. gives us the entire baro- 
metric range during the transit of the great wave, distinguishing the amount of 
rise—anterior slope—from the extent of fall—posterior slope. From these 
numbers we learn that the fall but little exceeded the rise, and there is a 
regular gradation from the north-west to the south-east. A correct deter- 
mination of the barometric ranges, and the construction of a map of lines of 
similar range, would go far to make us acquainted at least with the localities 
of great barometric disturbances, and the directions in which these disturb- 
ances are either compensated by opposite movements or more or less oblite- 
rated by the interference of different systems of waves. The results of this 
and former investigations appear to indicate that the principal line of dimi- 
nution of range is from north-west to south-east, and that the greatest dis- 
turbance results from the transits of the north-west waves. 


TaBLe XI. 


Barometric Ranges during the transit of the Great Symmetrical Wave of 
November 1846, distinguishing the amount of rise—anterior slope—from 
the extent of fall—posterior slope. 


Station. Anterior. | Posterior. Posterior +. 
Eng. in. | Eng.in. | Eng. in. 
Stornoway............ e-| 1:07 1:08 +01 
Orkneys........ case sees "97 95 — 02 
Limerick .......... eee 92 “89 —°03 
Largs.......... cess cues 85 1:00 +°15 
St. Vigean’s ............ 83 “90 +°07 
Galway .......... ee eeee ‘78 "86 +°08 
Applegarth ............ 76 "86 +°10 
Makerstoun ............ “78 *86 +08 
Newcastle ...... cece ceee °7] “77 +06 
Bowness. ..........0.0-: “70 80 +10 
Gloucester.............. G4: 67 +°03 
Hobbs’ Point..........-. 63 72 +°09 
Brecon ......0-. 00-00-50 62 69 +07 
Helstone .............. 62 67 +°05 
Cirencester ............ *58 "64 +°06 
Nottingham ............ 56 "54 —02 
London ...... cece cere °52 *56 +04 
Weston ............ eee. *50 53 +°03 
Ramsgate .............. “48 “56 +°08 
Jersey ...... cc. eee 38 43 +°05 


Table XII. exhibits the barometric fall resulting from the troughs that 
crossed in the centre and south-east of England on the 11th of November 
1842, and marked the commencement of the great symmetrical wave in that 
year, The numbers clearly mark out the area of greatest disturbance, namely 
Scotland, Ireland, and the north of England. In the south and south-east of 
England the disturbance is less—it also diminishes in Norway. At Paris and 
St. Petersburgh it is very much less than at the other stations, and at Geneva 
the movements are almost of an opposite character. The deep and sudden 
posterior slope of creat No. 2 ( Report, 1846, pages 147 and 167) did not make 
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itself felt either at Geneva or St. Petersburgh. It was distinctly apparent at 
Christiania and Paris. 

The numbers in this table and Table IX. are not comparable on account 
of their relation to different waves. Table IX. exhibits the barometric fall 
resulting from a north-westerly wave, near the epoch of the crest of the 
great symmetrical wave ; and Table XII. a fall resulting from a south-westerly 
and north-westerly wave, just previous to the setting-in of the great wave ; 
they however strikingly agree in the general fact ef a diminution of range 
from the north-west. 


TABLE XII. 


Barometric fal] resulting from the troughs that crossed in the centre and 
south-east of England on Nov. 11th, 1842. 


St. Petersburgh... .. 
Geneva 


REsuLTs. 


In collecting the results of this examination, the following points of simi- 
larity, with the results of previous investigations, are strikingly exhibited. | 

First. The return of the great symmetrical wave. This, as we before no- 
ticed, occurred in the south-eastern angle of our island under very peculiar and 
remarkable circumstances, the barometer being above thirty inches during the 
entire period of itsdevelopment. The area of greatest symmetry is closely in 
accordance with the results of our former discussions ; this circumstance goes 
far to confirm the result deduced from the examination of Sir John Her- 
schel’s hourly observations, “that Brussels is entitled to be regarded as a 
point of comparatively gentle harometric disturbance, * * * and may be re- 
garded as, in a certain sense, a nodal point, where irregulasities are smoothed 
down, and oscillatory movement in general is more or less checked; and 
such movements increase in amount as we recede from Brussels as a centre, 
especially towards the north-west as faras Markree.” Ramsgate, the nearest 
station to Brussels, presents us with the curve of greatest symmetry. It is 
however not only the general symmetry of the curve that constitutes this 
point of similarity, we have the essential features exhibited in the five sub- 
ordinate waves which peculiarly characterize the great symmetrical wave of 
November. As we proceed from the south-east towards the north-west, we 
have the symmetry considerably departed from by the greater development 
of the first subordinate wave on the posterior slope; this forms a most re- 
markable contrast to the symmetrical wave of November 1845, which at 
this part presented a considerable depression. It is not a little curious, 
and goes far to show that we are approaching the true explanation of the 
nodal character of Brussels, to observe that movements so dissimilar in 
their character, so opposite in their value, and presenting themselves under 
such a diversity of aspects, should, in a certain locality and on particular 
lines of country, manifest by means of the barometer, constant and well- 
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defined pheenomena that may be recognised year after year, and give to 
the curves of barometric rise and fall during the period of their occurrence 
a peculiar symmetrical appearance. 

Second. On examining each individual curve, and carefully discussing 
the barometric differences between the stations, we are led to the same re- 
sults at which we arrived in our investigation of the symmetrical wave of 
184.2,—that two systems of waver or currents, one having a general direction 
of progress from the north-west, the other from the south-west, traversed the 
area during the period of the great wave. The relative positions of these 
waves are somewhat different to those of the individual waves of 1842. 
There are however these points of similarity, the north-west systems exhibit 
in each case the largest waves, both as regards amplitude and altitude; we 
have already seen that the intervals between similar phases of north-west 
waves were nearly equal in 1842 and 1846, and also that during the interval 
that elapsed between the transits of these similar phases, both in 1842 and 
1846, the same number of south-westerly waves passed over the area. 
Brussels appears to be situated in or near the point where these differently- 
directed waves most usually cross each other, and this to a great extent 
explains both the nodal character of Brussels, and the production of the great 
symmetrical wave or curve. 

It appears highly probable, from the examination of the observations of 
last autumn, that we have not only ascertained another return of the great 
symmetrical wave, but have also detected the return of at least three of the 
individual waves contributing to its production. 

Third. The very precipitous fall characterizing the posterior slopes of 
the north-west system is another striking similarity which is developed by 
the discussion of these observations. Although at Ramsgate, London and 
Jersey, the barometric movements are gentle and greatly in accordance with 
the Brussels movements, yet in the north-west the fall is precipitous, and 
towards the close of the wave very rapid. At the Orkneys the movements 
of 1842 and 1846, about the same part of the great wave, in each case present 
great similarity in this respect. 

We now pass on to notice as briefly as possible the actual pheenomena 
that occurred over the area embraced by the observations during the period 
of the great wave. 

At the commencement of the great wave the posterior slope of a north- 
west wave extended from Ramsgate towards the north-west ; it would appear 
that the two anterior subordinate maxima of the symmetrical curve were pro- 
duced by the cresta of two waves from the south-west, the second having a 
general altitude in the north-west of about -2 higher than the first; interval 
between the crests nearly two days. These waves were succeeded by another 
from the south-west with a still greater altitude; this third wave from the 
south-west formed the crown of the symmetrical curve. The effect of the 
posterior slope of the north-west wave at Ramsgate is clearly perceptible in 
counteracting the rise resulting from the anterior slope of the second south- 
west wave, and this in some degree contributes to the symmetry of the curve. 
By the time the crest of the third south-westerly wave transits the area, the 
anterior slope of the succeeding north-west wave approaches, and occasions 
a rise of the barometer in the north-west, while it is falling in the south-east 
from the posterior slope of the third south-west wave. On the 12th and iSth 
the crest of the north-west wave transits, and is immediately succeeded in the 
north-west by the deep and precipitous slope that usually characterises the 
north-westerly waves. 

During the transits of these waves there’appears to have existed a wave 
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having ite posterior slope towards the south-west and its posterior trough in 
the locality of Galway, and moving with a very slow motion. It is highly 
probable that the high state of the barometer, in certain localities, during 
the period of the great wave, was connected with this wave *. 

It is important to notice here that the British Islands present a far too 
limited area for the purpose of thoroughly examining these atmospheric move- 
ments. Throughout the whole course of the great wave, movements of an 
opposite character seldom occur, and when they do, they are of a very trifling 
nature ; the moet striking opposite movements are those at Ramsgate and 
Stornoway, Plate JI. fig. 4, and these result from waves belonging to two 
different systems, and do not continue a day and a half. 

In the more extensive examination which the movements of November 1824 
are now undergoing, to which allusion has been made in the postecript to my 
last Report, we find four stations at which the barometric movements present 
Opposite characters during the first eight days of November. These stations 
are Christiania and St. Petersburgh in the north, and Paris and Geneva in 
the south, Plate III. fig.10. The curves at St. Petersburgh and Geneva pre- 
sent the most decided opposition, which, from a comparison of the movements 
at other stations, results from the slopes of two south-west waves, one suc- 
ceeding the other ; this opposition indicates the half-breadth of the first wave 
as extending from St. Petersburgh to Geneva, and clearly shows that, for 
the purpose of completely apprehending the real nature of the individual 
waves, the crossing of which give rise to the symmetrical curve, we must very 
considerably enlarge our area of observation. The rise at St. Petersburgh 
results from the transit of the anterior slope of wave, Crest No. 1, discussion 
1842, and the contemporaneous fall at Geneva from the transit of the poste- 
rior slope of this wave: the succeeding rise at Geneva from the anterior 
slope of wave No. 3, and the contemporaneous fall at St. Petersburgh from. 
the posterior slope of No. 1. 

There is some reason to believe that the north-west system is composed of 
much larger waves than the south-west, and that the crests stretch from the 
extreme south to the extreme north of Europe; a glance at a map of Europe 
will immediately convince us that the area over which these waves have 
hitherto been examined, is altogether too contracted to give us satisfactory 
answers to many of the questions propounded in the review taken of the de- 
siderata which forms the third partof my last report. The centre of Europe 
is well dotted over with barometers, from which accurate results may be ob- 
tained; these, however, taken in connection with the British Isles, form but 
a small portion of the vast space over which the waves themselves extend. 
St. Petersburgh is an important northern station ; but we require good obser- 
vations from Iceland, the northern parts of Norway, Sweden, and Lapland, 
and also from Archangel in one direction ; and from the southern parts of 
France, from Spain, Portugal and the northern parts of Africa in the other. 
Observations stretching from the most western point of Africa to the extreme 
north of Europe, would go far to determine the longitudinal direction of the 
crests of the north-west system of waves. 

Taking into consideration the vast extent of these waves, we readily see 
that there can be but one nodal point common to the European systems. All 
our observations direct us to Brussels as that nodal point. It is situated 

* In connection with this we may notice, especially in the south-eastern part of our 
island, the absence of gales at the commencement and termination of the great wave. At 
Galway, the locality of the trough above-mentioned, we find a gale existing at the commence- 
ment of the great wave. At 9 a.m. of November lst, the observer records, “increasing gale 
with heavy squalls at 3 p.m., force of wind 10. At 5°30 p.m. gale lulled; during the 2nd and 
3rd the aa of the wind varied from 4 to 8; and at 9 p.m. of the 3rd heavy ~ of rain.” 

1847. B 
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nearly midway between the extremities of the land, forming the western 
boundary of North Africa and Europe, which runs in a general direction 
S.S.W. and N.N.E.; aud it is highly probable the centres of the crests of the 
north-west systems of waves pass near its locality, having considerably sub- 
sided as they passed over England. The general direction of the flowing of 
the south-westerly waves would be that of the land above-mentioned, Brussels 
being the general meeting-point of the two systems. 

In addition to the observations having immediate reference to the great 
symmetrical wave, and extending through October, November and December, 
I have been furnished with observations from Helstone in Cornwall by M. 
P. Moyle, Esq., and also with observations from Newcastle-on-Tyne by 
George Muras, Esq. ; from August 1845 to December 1846, they have been 
made at 9 A.M., 3 P.M. and 9 P.M., and contain all the requisite data for ex- 
hibiting the gaseous pressure only, reduced to the level of the sea. As the 
localities are admirably situated for investigating the transits of the south- 
westerly waves, I have made arrangements for the discussion of these obser- 
vations, with especial reference to the wind at both stations, as elucidatory 
of Prof. Dove's parallel currents. This discussion is not yet sufficiently 
advanced to present any results to the present meeting. 


PROGRESS. 

We are now in possession of materials for examining the great symmetri- 
cal wave of November, on the occasions of its transits in the years 1842, 
1845 and 1846 ; we also possess a few sets of observations for 1843 and 1844. 
Of the above-named years the examination of 1842 has proceeded to the 
greatest extent; the postscript accompanying my last report contains the 
latest information relative to the great wave of 1842, with the exception of 
the discussion of the St. Petersburgh and Geneva observations, on a plan 
similar to the discussion of Mr. Brown's observations, as detailed in my last 
report. These stations being considerably removed from those forming the 
subjects of the discussion just alluded to, the observations require a par- 
ticular mode of treatment in order to incorporate them with the others, and 
by means of the whole, to trace the law of continuity of the separate waves, 
and thus follow them in their progress over the continent of Europe as they 
respectively pass onward towards the north-east and south-east. A very 
careful discussion of the observations at each station in connection with 
every other set, from stations to the westward hitherto examined, in order 
to obtain a correct notion of the distribution of pressure, and the progress of 
the lines of maxima and minima over so vast a space as we have now mate- 
rials for examining, is necessary before the observations at stations to the 
eastward are discussed, otherwise we lose many of the essential features of the 
waves, which become exceedingly modified in their progress, and we fail to 
detect them at the more remote stations. The Russian observations, as be- 
fore stated, will add most materially to our knowledge of these movements ; 
but the discussion of them on the plan above-mentioned, must necessarily 
involve much labour. I have as yet only combined the observations from St. 
Petersburgh and Geneva, with those recorded on page 141, and of this ex- 
tended group they form the most eastern stations. This combination has 
proceeded through the first eight days of November, and appears fully 
capable of explaining all the barometric movements during those eight days. 
It will however be desirable to postpone the further report of this part of the 
inquiry until the observations at more of the Russian stations have been 
severally discussed, with reference to the more extended group, as I appre- 
hend some important and valuable information will be elicited especially 
illustrative of the transit of the waves over eastern Europe. 
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The barometric curve at any one station being a compound effect resulting 
from the transit of two or more individual atmospheric waves, before we shall 
be able fully to explain the symmetrical curves, as they occur year after year 
in the southern and south-eastern parts of our island, as well as the decrease 
of oscillation especially from the north-west towards the nodal point, Brussels, 
and assign the numerical expression of its increase in different directions from 
this nodal point, it will be necessary to study the individual waves, and en- 
deavour clearly to apprehend them in the totality of their existence ; until we 
can do this we shall be unable to assign the true causes of the symmetrical 
curve. To assist in this part of the inquiry, we have already alluded to the 
importance of extending the range of observation, both in a northerly and 
southerly direction, but especially towards the south-west: observations from 
the Mediterranean, as suggested by Sir John Herschel, will also be extremely 
important. 

A most important point appears to be developing itself by means of such 
observations as furm the subject of the present report: two localities of 
great interest are brought prominently into view. The observations from 
the north-west appear most strongly to indicate that, somewhere in that di- 
rection, the origin of the great barometric disturbances, a centre of oscilla- 
tion giving rise to the waves that pass onwards towards the south-east, is to 
be sought. We have already mentioned Iceland as an important station, 
and under the aspect just contemplated its importance is considerably in- 
creased ; its proximity to the coast of Greenland will render it still more valu- 
able as a connecting link between the great American and European systems 
of waves. From the point of disturbance, wherever situated, the greatest 
decrease of oscillation is noticed towards the south-east, or, more strictly 
speaking, on a line from the Orkneys to Brussels; this line more or less ranges 
along the eastern coasts of Scotland and England, and conducts us to the 
locality of least oscillation, the nodal point, Brussels, already noticed. Were it 
not for the south-westerly system of waves, which are continually crossing 
those from the north-west, the numbers representing the decrease of oscilla- 
tion from the Orkneys to Brussels could readily be ascertained; but before 
we can do this in a satisfactory manner we must be well-acquainted with the 
pheenomena presented by the south-westerly system, and especially ascer- 
tain if this set of waves also exhibits a decrease of oscillation with its amount, 
should it do so. Under this aspect, observations from the south-west will 
possess a much greater value, than by considering them only as important to 
determine the longitudinal directions of the crests of the north-west waves. 

Of the grant of £10 placed at my disposal, I have expended £6 9s. 3d. 
In order to carry on the investigation, especially with regard to the Russian 
observations, I most respectfully solicit a continuance of the grant. 

W. R. Brrr. 
EXPLANATION OF PLATES. 

PLATE I. Consists of a selection of twenty curves, that are so arranged as to 
exhibit the modifications of form, decrease of oscillation and ap- 
proach to symmetry which are observable as we proceed from the 
north-west, the locality of greatest barometric disturbance, towards 
Brussels, the nodaé point of the two principal European systems of 
atmospheric waves. In the first five curves, which are from stations 
bordering on the Atlantic, and embracing nearly the whole of the 
north-western boundary of the British Isles, the greater amount of 
oscillation is well seen. The decrease of oscillation, the change of 
form, and the approach to symmetry, become apparent in the Scotch 

_curves, as we recede from the area of greatest disturbance; and 
2B2 
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these features are more strikingly developed as we proceed across 
England to Kent, which presents us with the most symmetrical 
curve, that obtained from observations at Ramsgate, the lowest in 
the Plate ; the smaller altitude of this curve, especially as compared 
with the north-western curves, is very striking. 


Piarte II.—Fig. 1. Exhibits the great symmetrical wave as it passed Lon- 
don, and is projected on a scale suitable for exhibiting its esential 
features. 

Fig. 2. Exhibits the wave as it passed Ramsgate: the scale, which is con- 
tracted in one direction and enlarged in another in order to ex- 
hibit the minor inflections and to trace the variation of form as we 
proceed to the north-west, is the same as in Pl. I.: the symmetry 
principally consists in the greater development of the anterior sub- 
ordinate waves, by which they are raised nearer on a level with the 
posterior; this obtains only at Ramsgate. 

Fig. 3. Exhibite the form of the wave as it passed St. Vigean’s. These 
curves, Ramsgate and St. Vigean’s, are placed in juxtaposition, to 
show more distinctly the points of similarity and difference obtain- 
ing on the line of greatest deviation from symmetry, which in the 
present instance ranges more or leas with the eastern coast of En- 
gland and Scotland. 

Fig. 4. Exhibits graphically the differences between the Stornoway 
(Western Isles) and Ramsgate curves. 

Fig. 5. Exhibits graphically the differences between the Newcastle and 
Helstone curves. 

Fig. 6. Exhibits graphically the differences between the Stornoway and 
Helstone curves. 


Piarte III.—Fig. 7. Exhibits the Galway curves. 
Fig. &. Exhibits the alternations of pressure at Limerick, Helstone and 
ersey. 
Fig. o. Exhibits the pairs of curves, Ramsgate, Jersey, Stornoway and 
way. 

Fig. 10. Exhibits the opposite barometric movements at St. Petersburgh 
and Geneva, arising from the slopes of the south-westerly waves 
Nos. 1 and 3, which traversed Europe during the first eight days 
of November 1842. 


DOVE’S TEMPERATURE TABLES. 278 


Temperature Tables, by Prof. W.H. Dove, Cor. Mem. of the British 
Association: with Introductory Remarks by Lieut.-Col. Epwarp 
SAaBINE, General Secretary. 


THe following pages contain the numerical elements of an jnvestigation on 
which Professor Dove has been employed for several years past; they con- 
sist of the mean temperatures of the different months of the year, of the sea- 
sons, and of the year itself, at above 800 stations on the surface of the globe, 
with the differences between the summer and winter seasons, and the hottest 
and coldest months, and a notice of the number of years during which the 
observations have been continued in each case, and of the hours of observa- 
tion. The original memoir, in which this assemblage of the results of ob- 
servation will be embodied, will appear in the volutme of the Transactions of 
the Berlin Academy of Sciences, which will be published in the course of 
1848; in that memoir the temperatures will be expressed in degrees of 
Reaumur's scale, which is more commonly used in Germany than either 
Fahrenheit’s or the Centigrade; the transformation of these into Fahrenheit’s 
scale, in which they appear in the subjoined tables, is Profeesor Dove's own 
work; a labour undertaken and executed by him expressly for the conve- 
nience of the members of the British Association, and of those who profit by 
its publications. Whether we regard this sacrifice of time, on the part of a 
person who is undoubtedly in the first rank of those who are advancing by the 
sure path of induction into hitherto uninvestigated regions of meteorological 
science, simply as an evidence of his desire to promote the general advance- 
ment of science; or, as perhaps we may permit ourselves to do, as an evi- 
dence of that general desire, of which he has given so many proofs, strength- 
ened in this particular case by the recollection of the respect and regard with 
which his presence was welcomed at the Cambridge meeting of the British 
Association in 1845,—we are bound, in either case, to express our acknow- 
ledgements for a labour which certainly augments greatly the value of the 
tables to British readers. 

The mean temperatures have not been corrected for the diurnal variation 
corresponding to the particular hour or hours at which the observations were 
made, excepting in a few instances, which are marked red. (for reduced) in 
the column showing the hours of observation; but nine tables have been 
added, containing in degrees of Fahrenheit the corrections to the true mean 
quantities for nine stations differing widely in geographical circumstances, 
computed by Bessel’s formula— 

te=u+u'(sin 2+ U!) +! (sin 22+ U") + u!"(sin 32+ U""). 

The latitudes are south when the sign — is prefixed, and north when there 
is no sign. The longitudes are east when — is prefixed, and west when 
there is no sign. The heights are in British feet. Where N.Y. ocours in 
the column showing the hour of observation, it signifies that the results have 
been computed by the formula 

N.Y, 2 +204 2e4a" 
6 

in which a is the observation at 6 A.M., 6 at 3 P.M., c at one hour after sun- 
set, and a’ at 6 A.M. the following day. D, in the final column, signifies 
that the mean temperatures of the several months at the stations so distin- 
guished, are taken from one or other of four memoirs published by Professor 
Dove in the Transactions of the Berlin Academy, entitled ‘ Uber die nicht 
periodischen Anderungen der Temperaturvertheilung auf der Oberflache 
der Erde.’ The seasons are the usual meteorological seasons, winter con- 
sisting of December, January and February, and so forth. 
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Besides the correction already noticed for the diurnal variation of the 
temperature corresponding to the particular hour or hours at which the 
observations at a station have been made (which has only been applied in a 
few specified instances in the subjoined tables, as it appeared preferable to 
give generally the original determinations independent of the corrections), 
the mean temperatures derived from the particular year or years during 
which the observations were continued at each station, will require in each 
case to be corrected for the non-periodic variation of the temperature in the 
year or years in question. On this subject the reader is referred to the 
preface and to pp. 34 to 59 of Professor Dove's fourth memoir (entitled as 
above) in the Transactions of the Berlin Academy for 1847. From the 
mean temperatures corrected for the diurnal and for the non-periodic 
variations, Professor Dove proposes to construct isothermal curves for each 
month of the year, and has expressed his intention of taking a future oppor- 
tunity of communicating the curves to the British Association; but he is 
desirous that in the mean time a few of the more striking phenomena which 
have been brought into notice by this extensive assemblage and intercompari- 
son of the results of observation should be briefly indicated. 

1. The most novel at least, if not the most important of these, is the re- 
markable cosmical fact which they establish, of the existence of an annual 
variation in the aggregate mean temperature at the surface of the globe, 
having its period of maximum during the sun’s northern declination, and of 
minimum during his southern declination. 

If we compare the temperatures at stations in the southern hemisphere 
with those of stations of corresponding latitude in the northern hemisphere, 
we find that it is generally the fact, that the sum of the simultaneous mean 
temperatures at the two stations in the months of June, July and August 
(or of those months which constitute the northern summer and the southern 
winter), is greater than the sum of the simultaneous mean temperatures in 
December, January and February, or in the months which constitute the 
northern winter and southern summer. Let us take for example the com- 
parison of the mean temperatures in the seasons at Toronto, latitude 
43° 40'N., and Hobarton, latitude 42° 53’ S., derived in each case from five 
years of hourly observation at the magnetical and meteorological observa- 
tories at those stations; we have from 37,296 observations at Toronto, and 
37,320 at Hobarton (Sundays not being days of observation) the mean tem- 
peratures of the different seasons as follows :— 


Differences 
Torontos Hobarton. Sums. from the 
Mean. 

. 6 ° ° ° 
December, January, February. 25°43 61°79 87:22 —11°26 
March, April, May.......... 42°34 53°88 96°22 — 2°26 
September, October, November 46°81 53°76 100°57 + 2°09 
June, July, August.......... 64°63 45°29 10992 +11°44 

Mean .. 98°48 


We perceive by this comparison that the mean temperature of the months 
of December, January and February at Toronto + the mean temperature of 
the same months at Hobarton, exceeds by 22°*7 the mean temperature of 
the months of June, July and August at Toronto + the mean temperature 
of the same months at Hobarton. 

If a similar comparison be made of stations in South America, South 
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Africa, New Holland, New Zealand, or the Falkland Islands, with stations 
in corresponding latitudes in the northern hemisphere, we find a similar 
result, though varying, as might be expected, in the amount of difference at 
the two periods of the year; but all testifying that the aggregate mean tem- 
perature at the surface of the globe is greater in June, July and August, 
than in December, January and February. This is a result of the unequal 
distribution of land and sea in the two hemispheres, and of the difference 
in the effect produced by the sun’s heat according as it impinges on a solid 
or on a liquid surface. It is well-known that Britain is nearly the middle 
point of an hemisphere distinguished by the preponderance of land at the 
surface, and New Zealand the middle, or nearly so, of an hemisphere di- 
stinguished by the preponderance of an aqueous surface. The greater pro- 
portion of land is consequently in the northern hemisphere as taken with 
reference to the sun’s path; whilst the southern hemisphere has the greater 
proportion of ocean surface. The existence of a periodical variation of the 
aggregate mean temperature derived from the sun, might thence have been 
(and possibly may have been) anticipated, but it is now made known to us as 
an experimental fact, by the modern practice of systematic observation, and 
of the intercomparison of mean numerical results so obtained. 

2. The differences between the hottest and the coldest months of the 
year, which form a part of the results of Professor Dove's investigation, are 
& very important element in judging of climatic relations. ; 

If the intercomparison of these differences be extended so as to include 
places which differ in latitude as well as in other circumstances by which 
climate is influenced, we may find in these tables striking examples of the 
great diversity which takes place in different parts of the globe in the dis- 
tribution of the mean temperature of the year into its several months and 
seasons. Thus if we refer to Commewine in Guiana, and Jakutsk in Siberia, 
we find the difference between the hottest and coldest months to be 2°2 of 
Fahrenheit at Commewine, and 114° at Jakutsk; and if we limit the 
comparison to places which correspond in latitude, to stations for example 
in Northern Asia compared with others in Europe or in North America, we 
shall still find that the diversity is very great in this respect. 

The terms of Insular and Continental climates have been employed to 
characterise respectively those climates in which the difference of the mean 
temperatures of the hottest and coldest months is very small, and those in 
which it is extremely large. 

The distinction thus established and the designations so employed have 
been understood to refer exclusively to the differences between the extreme 
temperatures either of months or of seasons, and to be irrespective of the 
absolute mean temperature of the year, season or month. It is obvious how- 
ever that circumstances might exist, which would cause the mean temperature 
of the coldest month, for example, at a station fo be extremely low when 
viewed in reference to what might be regarded as tlie norinal temperature of 
that month corresponding to the parallel of latitude, whilst other circum- 
stances might be wanting which would occasion the mean temperature of the 
hottest month to be excessive in the other extreme, when compared in like 
manner with a normal temperature corresponding to the latitude; or vice 
versd, that the temperature of the hottest month might be excessive in re- 
spect to heat, whilst that of the coldest month might not suffer a correspond- 
ing depression. In such cases the mere difference between the temperatures 
of opposite seasons or of the extreme months, irrespective of the difference 
of the temperature of either from a normal temperature, would fail to render 
manifest and to distinguish. the peculiarity which prevails during one portion 
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13°72 | — 18°65 | —28'25 i 32°32 1°76 | 35°04 6°72 


35°58| 26°13] 22°41 | 21°72| 33°11} 43°18 | 33°80 
— 2°83 ,— 21°14 |— 21°62 | — 28°45 |— 3°19 | 37°08 |— 0°48 
33°98} 2651] 651, 3°66) 24°71 47°90 | 35°16 
3N15| 22°4 8'45)| 4:18] 25°17/ 49°43 | 32°67 


ee +2 [17°07 |,— 20°31} 11°26). ee 
46°63 | 42°89] 36°32/, 34°74] 42°28 56°24 | 48°49 
13°25 7°38 |— 14°24 | —20°47 6°35 13°80 | 17°58; 
34°34) 25°88; 18°32 | 20°84) 28'10' 45°80 | 34°46: 


3691] 30°45] 29°41] 29°18] 37°04) 53°54 | 37°94, 
es ee ee oe ~- | 34°52 ee 
ee oe ae oe | 38°15 ve 

e of each Month, each Season, and the whole Year. 

ne hour after sunset, and a’ is 6 a.m. on the following day. 


49°20) 38°07) 28°'28]/ 25°67) 47°49 | TOOT) 49°55 
44°98| 33°98| 27°97|| 24°73] 41°70) 67°95] 46°89 
47°57| 37°48| 27°79]| 25°95] 43°66: 65'12) 47°45 
492 | 374 | 29°9 || 26°80) 44°93) 69°00) 49°30 
42°56} 30°58 3°26|| 13°62| 47°47/72°81| 44°57 
54°58] 39°82} 30°53]; 26°86) so°85!175°91| 52°69 
47°85| 37°57) 23°26]| 24°59) 44°76 | 67°45| 47°86 
56°25) 48°90) 36°76 || 34°04] §5°05 75°36) $639! 
60°35! §4°23; 43°45] 45°59] 63°79 77°73| 62°51| 
73°83| 63°55] 60°92]| 62°21] 71°50 ! 82°30| 72°51! 
54°88] 44°33| 38°75] 3421] 50°66|73°60| 55°27! 
47°77 | 35°99 | 25°3 || 23°87] 41°97| 65°43) 47°60 
66°84) 62°47} 55°89|| 53°37] 69°04! 81°68] 68°63 
42°72 32°49 || 30°47] 45°88) 68°14) = 52°75 


in 

“ 

ws 
00 


49°30] 34°60) 26°88 )| 25°77] 48°29/ 68°87; 48°70 
45°52| 33°91] 22°28)/ 20°25) 39°48 /63°18| 45°23 
44°66) 31°42| 23°86)| 22710] 41°64/63°04) 43°84 
| 75°23] 69°06) 64°42 || 64°43) 73°11 (83°25) 74°75 
| §3°33| 37°69] 24°82 || 25°90) 43°89 |68'51| 49°69 
| 48°75} 37°22) 27°80]| 24°12} 43°83 69°66] 48°62 
| 47°33] 35°03] 24°34]| 22°40] 42°48 / 67°68) 47°29 
| 
| 


50°71 | 38°75; 30°05 || 27°34] 46:29/ 70°15) 50°63 
46°91} 36°85) 25°94) 23°40) 44°21) 66°59) 47°41 
58°32} 47°89) 40°97|/ 41°00/ 58°31 80°27) 59°44 
48°25) 35°78| 26°68 || 24°06) 44°89 167°55) 47°12 


48°02 | 37°29| 24°72] 22°58] 45°69/67°83| 48°28 
70°27| 61°13} §8°07]| 56°14] 69°26/82'24} 69°92 
68:29] 58°55| 53°17|| 53°19] 67°93 [82°48] 67°99 


¢ Difference of Summer and Wint 


[Dove.] UnitEep STates and CANADA (continued).— Mean T 


| 
Lat. N.| Long. W. ne | Jan. Feb. | March.| April. | May. | June. 


Cayuga ...... 42 43) 76 37| 447 
Chapel Hill....135 54] 79 18] -- 
Charleston ....| 32 47| 79 57] «+ |i 49°61| 52°80 | 58°34 | 63°20 | 75°19 | 78°85 


Charlotteville .. 38 a 78 23 


: 43°r |30°8 (46°5 | 52°4 | 59°5 | 722 
Cherry Valley..|42 48! 74 47/1335|| 22°66] 21°14 | 29°72 | 43°11 | 53°58 | 63°53 
Chillocothee ..|39 20| 82 55/ -- 40° | 40° 4° 57° 59° 77° 
Cincinnati ..../39 6} 84 27| -. 32°6 (316 1432 | 53°7 | 63°21 70°8 
- re rs are 29°88 | 34°42 | 43°97 | 57°58 | 61°32 | 73°36 
Fort Clarke....}47 15/130 40] -- |I— 5°55|23°85 |25°14 | .. .. we 
Clinton ...... 4t O| 70 19] 16]| 30°42) 30°51 | 35°92 | 44°21 | 53°19 | 63°67 
Columbia ....134 oO] 80 58| .. 37°77 142°9 |[47°3 | 62°2 |67°3 | 72° 
Fort Columbus |40 42| 74 2| -- 30°08 | 31°22 | 39°61 | 49°89 | 61°27 | 70°52 
Concord ...... 43. 12| 73 29] -- 21°21 | 21°85 | 30°71 | 42°39 | 54°82 | 63°46 
Frt. Constitution] 43. 4| 70 49] -- 24°501 27°10 | 34°60 | 45°31 | 55°55 | 62°80 |, 
Petite Coquille |30 10] 89 38] .. 55°98 | Gor12 | 63°56 | 70°00 | 76°35 | 82°95 | 83°95 | 83°47 | 
Cortland ...... 42 38| 76 11] 1096|| 24°03 | 21°67 | 30°59 | 42°65 | 54°29 | 62°23 | 66°06 | 64°29 
Council Bluffs .|41 25] 95 43| 800]] 22°61126°59 | 37°43 | 51°82 | 66°56 | 73°98 | 77°38 | 7611 | 
Cuba ........ 42 40| 78 of .. 18°10 | 22°48 | 28°03 | 40°42 | 51°22 | 62°60 | 63°53 | 63°22 
Dartmouth Coll.) 43 45| 72 22/ -- 15°80 | 15°27 | 25°57 | 37°63 | $1727 | 63°57 | 64°40 | 62°33 
Deerfield...... 42 35| 72 39 20°6 |13°6 | 3x15 | 4165 | 53°6 | 64 69°65 | 65° 
Delaware 42 16] 74 58/3384 || 22°78 | 72°61 | 34°44 | 4r°gt | §4°10 | 66°38 | 70°21 | 65°75 
Detroit ...... 42 19| 82 5 20°89 | 31°66 | 41°68 | 51°86 | 60°31 | 71°26 | 74°32 | 72°09 | 
Dover ........ 43 13| 7° 54 24°04. | 23°56 | 31°80 | 42°74 | 53°75 | 63°86 | 70°44 | 66°74 | 
Dutchess -14% 4%} 73 55] -- 26°40 | 27°71 | 36°85 | sov14 | §9°92 | 68°64 | 70°27 | 71°89 
East Port ....144 54] 66 56| -. 19°18 | 22°71 | 29°85 | 38°72 | 48°99 | 56°31 | 63°28 | 63°24 
Erasmus Hall ..| 40 37] 73 §8) 40]} 32°63 | 31°32 | 38°96 | 48°35 | 58°63 | 67°23 | 72°56 | 71°16 
Fairfield ...... 43. 5| 74 55|/1185]| 20°69 | 20°54 | 29°77 | 44°93 | 53°72 | 62°97 | 66°01 | 65°60 | 
Farmers Hall ..}41 20] 74 11} 425]/ 25°90/ 28°29 | 36°96 | 47°06 | 55°84 | 64°53 | 70°08 | 67°29 | 
Fayetteville ..|42 58| 72 35| -- 18°88 | 19°28 | 30°67 | 43°28 | 54°45 | 64°48 | 67°27 | 66°53 , 
Ferdinandina ..| 30 37| 8: 47] -- 5° | 65° 64° 72°. | 74° 738° 80° 79° 
Frankfort -....| 40 75 8| .. 32°15 | 28°40 | 39°73 | 47°09 | 60°80 | 65°76 | 72°61 | 69°43 
Franklin Malone] 44 50! 74 23| 645|| 28°24 | 26°35 | 31°42 | 45°08 | 52°67 | 60°22 | 66°90 | 65°45 | 
Prattsburg ....|42 34] 77 20] «- 23°10 | 23°32 | 30°28 | 44°71 | 53°84 | 62°40 | 66°92 | 65°83! 
Fredonia...... 42 26| 79 24] .- 27°86 | 26°26 | 35°18 | 45°35 | 55°54 | 65°32 | 72°26 | 68°32 
Gaines........|43 17| 78 15} 426|] 25°36 | 28°38 | 34°46 | ga's4 | 54°48 | 62°99 | 71°76 | 66°38 
Gallatin ...... 36 23| 86 40; .-. 477 148 =| 46° 60° 67° 75° | 76° 75° 
Galveston ..../29 18| 9§ 1] -- 60°3 | 62°5 | 75°70 |73°2 |83°5 | 863 | 88:2 | 88-5 
Fort George ..| 46 18) 123 - 36°33 | 42°35 | 43°29 | 46°83 | 53°92 | 59°59 | 61°42 | 62°67 | 
Fort Gibson ../35 47| 95 10| -- 45°47 14125 | 53°51 | 61°28 | 72°69 | 78°65 | 81°49 | 83°28 | 
Gouverneur ..|44 25] 75 35] 400]| 21°23 | 18°53 | 30°63 | 44°09 | 55°00 | 63°23 | 68°33 | 66-19 ° 
Granville......|43 20] 73 17] -- 21°98 | 20°78 | 31°42 | 43°35 | 55°32 | 66°86 | 7aeax | 67°63 | 
| 


Greenville ....|42 2§| 74 21] «- 30°93 | 31°24 | 35°82 | 42°53 | 61°06 | 69°21 | 69°88 | 72°28 
Halifax ...... 44 39) 63 38] «- 20° 8° . . ° . 

Hamilton ..../42 49! 75 34|1327|1 23°43 | 22°52 | 29°11 | 44°87 | 54°34 | 61°94 | 66°47 | 64°86 | 
Hampden ..../44 42| 68 56) .. 8°88 | 21° , ' 

Hancock Bar...|46 10] 67 50} -- |) 9°40] 14°35 | 26°39 | 43°85 | 53°45 | 61°25 | 64-10 | 63°43 | 
Hartwick ....|42 38] 7§ 1/1100) 22°44] 24°00 | 32°83 | 43°36 | 56°78 | 64°27 | 67°27 | 6510: 
Fort Howard ..|44 40] 87 0| -- | 18°14. | 20°76 | 31°29 | 43°28 | 57°13 | 68°38 | 72°25 | 68°83 


25°84. |25°50 | 34°72 | 47°04 | 58°40 | 67°21 | 70°49 | 69°67 | 
28°: |}29°3 (37°38 [1 51°5) | 581 | 67°8 | 72°9 1698 | 
65°2 |60°5 | 68:7 | 72°7 [85'5 | 8orr [842 [814 | 


Hodson, N.Y. ..|42 15} 73 45] 350 
Hudson, Ohio..|41 15| 81 27] .-- 
Fort Houston ../ 31 54/ 95 56 


Ipswich ...... 42 39] 70 52] «. 30° | 30° 33° 48° 56'5 | 68° 70°§ {70° | 
Ithaca........ 42 27| 76 30| 417'| 27°94) 26°64 | 34°02 | 45°39 | 55°99 | 64°55 | 70°22 | 67°03 
Jackson ...... 30 §1|/ gz | .. | 47°6 149% |56°6 | 654 | 70°8 | 78:7 | 83°97) 179°9 | 


Jefferson Bar...!38 28! 90 8 34°59 | 36°36 | 47°76 | 59°69 | 68°90 | 76°58 | 79°04 | 79°74 | 


a. Silliman’s A 


erature of each Month, each Season, and. the whole Year. [2] 


7 rn en ee | Diff. 
‘ : , Diff. | No.of| Hour of 
rt. Oct. Dec. inte Spring.| Sum. | Aut. | Year. H.& c: 3. &W. Yours, obsere tion. 
— | — 
| o ° ° | ° ° ° ° | 
33 | 50°83 | 40°20 | 30°71 || 29°24 | 46°77 | 69°37 | 51°29 40°13 | 8 IN.Y......./D- 
37 | 60°38 | §2°r5 | 42°35 || 43°36 | 606s | 77°45 | 61°63 34°09 || 4 lsunr. 9, 3,9 |D- 
7 28°68 || 3° «(17,2,9----|D. 
5 | 66-7 | 586 | 5x8 |] 51°43 | 65°90 | 79°77 | 66°53 28°34 | 10) [.. eee. eee: D. 
2 | G6o'2 {4873 [39°2 |] 37°70 | 52°80 | 74°27 | 57°90 36°57 || x |sunr.2..../D. 
© [45°35 | 33°96 | 25°6q || 23°16 | 42°14 | 65°43 | 45°74 42°27 | 13° |N.Y...-.-. D 
56 =| 59° «139° = |] 39°67 | 52°33 | 78° | 61°67 1 |7,2,9 --+-ID 


33°33 | 


; §3°38 | 40°S) 1 33°6 = |] 32°93 | 53°37 | 73°20 | 52°70 41°27 || 6 {5,2,9.----/D. 


ty | 55°08 1 41°75 | 34°54 || 32°95 | 54°29 | 72°98 | 55°04 0 | Co D 
. -- | 32°92 |} 21°31 11 39°63 |. = ee ve oe [ecececceee . 
$5 | 52°04 | 42°52 | 33°23 || 31°39 | 44°44 | 67°26 | 52°37 35°87 || 16 |N.Y....... D. 


34°97 || x |dail. extr.../D. 
4131 1 9 |7,2,9.-..|D. 


40°03 | 58°93 175° | 54°40 
32°39 | 50°26 | 73°70 | 55°53 
22°70 | 42°64 | 65°39 | 47°30 


3 | 53°2 143°7. | 39°5 
72 | 55°8a | 4q°0s | 35°86 
t7 | 48°39 | 37°03 | 25°03 


29 | 50°43 | 40°32 1 37°58 | 28°39 | 45°15 | 65°72 | 49°95 
58 | 72°12 | 62°09 | 61°68 | 59°26 69°97 | 83°46 | 71°60 
$3) 45°79 | 34°35 | 26°15 | 23°95 | 42°51 | 64°19 | 45°83 
24. 1 53°65 | 38°50 | 2g°23 | 24°47 | 53°94 | 75°82 | 52°46 
Bo 1 43°84 | 3x°6r | 23°81 || 21°46 | 39°89 | 63°12 | 43°75 
03 | 43°07 | 31°97 | 17°20 || 16°06 | 38°12 | 62°77 | 43°36 


65 | 42°95 |39°2 |27°6 || 20°60 | 42°13 | 66°21 | 46°57 


66°14 | 59°57 | §1°24 || §1°22 | 65°58 | 79°90 | 67°66 
| 


41°66 || 2% |10, 10 a . “ID. 
46°71 || 3 |sunr. 1}, 94 D. 


. 7,14,10,8um 
4561 || 2 { 6, 2, 10, win.'D. 


05 | 46°88 | 40°16 | 29°53 || 26°64 | 43°48 | 67°38 | 48°03 40°74 || 3. ‘|N.Y....... D 
24 | 56°96 | 39°56 | 29°91 || 27°49 | 51°28 | 72°56 | 53°92 45°07 || 34 |8,2. ..../D. 
75 | 46°42 | 35°5r | 25°35 || 24°25 | 42°76 | 67°01 | 46°89 42°76 || 104 |sunr. 1, ro (D 
42 | 51°95 | 40°53 | 31°17 || 28°43 | 48°97 | 70'27 | 51°97 41°84 || 13 eteeees D 
15 46°33 36°18 | 24°55 || 22°15 | 39°x9 | 60°94 | 46°55 38°79 7 ooo D 


43°58 | 34°42 || 32°45 | 48°65 | 70°32 | 53°48 
33°64 | 22°46 || 21°23 | 42°81 | 64°86 | 46°28 


48°47 | 36°08 | 26°94 || 27°04 | 46°62 | 67°30 | 47°93 


9° | 46°90 | 35°57 | 24°47 || 20°88 | 42°80 | 66°09 | 46°46 45°21 || 6 |sunr. 2,9 

: 69° 64° | 6r° 60°33 | 70° 79° 71° 18°67 || zr |7,2,9 

57 | 51°56 | 43°22 | 34°00 || 31°52 | 49°23 | 69°27 | 53°22 37°75 || 2 |hourly 

17 | 46°92 | 32°85 | 21°22 || 21°87 | 43°06 | 64°19 | 44°98 42°32 || 3 Y.. 

35 | 46°39 | 34°42 | 26°71 || 24°31 | 42°94 | 65°05 | 45°88 40°74 || 8 |N.Y.. : 
37 | $0°32 | 39°32 | 29°48 || 27°87 | 45°36 | 68°27 | 50°17 40°40 113 |N.Y.. 


47°69 | 35°25 | 28°46 || 27°40 | 44°49 | 67°04 | 47°59 
-- [54° - «> 1|57°67 175°33 | -- 
642 |6o"r | 59°4 | 60°73 | 77°23 | 87°67 | 70°47 
§6°13 | 47°59 | 39°67 || 39°38 | 48°or | 61°23 | 54°42 
65°95 | 54°32 | 46°20 | 44°31 | 62°49 | 81°14 | 64°89 


mre) 
np 
PUP PEO Pwr 
An 
> 0 
we Ww 


11 | 46°84 | 33°56 | 20°26 || 20°01 | 43°24 | 65°92 | 46°17 45°91 |] x0 JN. Y....... 

26 | 47°97 | 34°21 | 23°35 || 22°04 | 43°36 | 68°55 | 47°18 46°51 || g_ ‘jN.Y.......{D. 

73 | 49°64 | 39°13 | 33°22 | 30°89 | 46°47 | 70°46 | 50°27 39°57 || 8@ |N.Y.......1D. 

§1° 38° | 25° 21° |. 31°67 | 62° =| 46°67 40° 2 N.Y.......)D. 

"18 | 45°88 | 34°75 | 25°66 || 23°87 | 42°77 | 64°42 | 45°94 40°55 | rz [N.Y....... [D. 

"75 |44°12 | 30°30 | 21°64 | 37°17 | 41°77 | 64°39 | 43°72 47°22 || I |sunr. 9, 3, 9,D. 
46°19 |} 2 17,2,9 .{D. 


‘58 \aes0 32°80 | 26°48 || 16°74 | 41°23 | 62°93 | 43°41 


"30 | 47°30 | 37°02 | 27"x0 | 24°53 | 44°32 | 65°55 | 47°75 N. 

61 47°58 | 34°29 | 22°00 || 19°77 | 43°87 | 69°82 | 46°47 50°05 || 9 17,29 D 
"94 ts 37°67 | 27°67 || 26°34 | 46°72 | 69°12 | 49°11 42°78 || 10 JN. Y....6-. D 
"5 148°0 | 35°6 |29°0 || 28°80 | 49°19 | 70°17 | 48°37 41°37 || 7) 1953 «++-0{D. 
*§ |72°3 | 62°3 |60°0 || 62°90 | 75°63 | 81°90 | 72°70 20°00 |] Xo fuccecaeene D 
5 |§16 }39° 137° 11 32°33 | 47°50 | 69°50 | 51°37 3717 1 30 [cee +++ 64D. 
'17 | 48°23 | 38°08 | 29°96 || 28°38 | 45°13 | 67°27 | 48°49 39°09 | x2 «IN. Y....... D. 


rr 167% | s50° 148°4 {| 48°47 | 64°27 | 80°10 | 64°27 
56°84 | 47°37 | 42°07 |] 37°67 | §8°78 | 78°45 | 57°59 
ierican Journal. 
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[Dove. ] UnitTep States and CANADA (continued).—Mean Tez 


Lat. N. |Long.W)| Elev. . May. | June. | July. | Aug. 
2 ‘ ° c be] © 

Jeffersonville ..| 38 12 we ’ "99 | 44° "99 |69° =|80° | 79° $2- 

St. John’s ...-| 47 34 . . . . . 39°30 | 48°02 | 56°16 | 57°86 : 
Fort Johnson ..| 33 51 . . . , 69° 75° 81° 83 Ci‘ S 
Fort Johnston..| 34 0 we . . . . 73°79 | 78°98 | 81°57 | 80°39 
Johnstown ....| 43 0 os . ° ° . 55°85 | 65°26 | 6g7rx | 67°66 
Key West ....|24 31 7 . . . 78°87 | 81°26 | 82°53 | 82°67 : 
Kinderhook ..| 42 . . 56°49 | 65°05 | 70°06 | 67°91 . 
Fort King ..--| 29 78°81 | 84°94 | 84°03 | 83°63 : 
Kingston ..../ 44 53° 66° 7o° 67 { 
Kingstown ....| 41 59°07 | 66°85 | 73°22 | 70°55 ¢ 
Lambertville ..| 40 Gorro | 68°85 | 72°26 | 71°56 ¢ 
Lansinburgh ..| 42 §9°23 | 68°07 | 71°75 | 69°95 ¢ 
St. Lawrence ..| 44 §4°10 | 63°70 | 68°08 | 66°20 | 
Lenox........ 42 §1°§1 | 63°27 | 64°92 | 64°36 |: 
Lewiston 43 56°69 | 64°41 | 71°19 | 69°19 ¢ 
Little Rock 34 vo |78 {79° 17 
Lowville ...... 43 54°69 | 63°25 | 67°98 | 65°68 
St. Louis 38 65°2 | 73% |78: |74°6 1 ¢ 
Mackinac ..../ 45 48°67 | 58°35 | 67°34 | 66°64 | 
Marietta ...... 9 61°87 | 69°29 | 72°76 | 70°96 
Medfield ...... 42 54°48 | 64°69 | 68°92 | 68°09 + 


Mendon ......| 42 
Middlebury... .| 42 
Middletown ../ 40 
Fort Miflin ....| 39 
Milledgeville ..| 33 


Milville ...... 43 52°47 | 62°88 | 66°12 | 66°86 | : 
Mobile ...... 30 76°36 | 82°17 | 82°41 | 82°73; 
Monroe ...... 3 7°37 | 64°72 | 68°12 | 63°87 


Montgomery ..| 41 
Montreal......145 


Montroe...... 32 


§7°47 | 67°75 | 73°57 | 71°06 
68°34 | 7649 | 79°48 | 75°78 
72°72 | 80°62 | 81°78 | So'r3 
58°20 | 66°85 | 71°52 | 69°77 


( 
Nashville ....| 36 
§6°48 | 68°08 | 71°08 {70°18 ¢ 


Newburgh ....| 41 
Newhaven ....| 4! 


New Orleans ..| 29 77°26 | 83°78 | 82°22 | 82°32 


Newport ......| 4 59°83 | 68°67 | 74°02 | 70°80 | 
Newtown 40 58°68 | 68°25 | 72°98 | 69°82 | 
New York 40 62°36 | 67°72 | 73°14 | 71°92 | 
Fort Niagara ..| 43 59°77 | 68°90 | 74°60 | 73°06 | 
Norfolk ...... 36 71°00 | 76°73 | 8o-1r | 78°05 | 


North Salem ..| 41 
Onondaga ....| 42 
Onei. Conferenz} 42 


56°85 66" [715 | 69°59 | 
57°94 | 65°36 | 68°63 | 68°17 | 
53°12 | 68°71 | 66°66 | 64°76 


tminm Saat & ~— 


Oneida Institute! 43 56°48 | 64°53 [72°41 | 65°99 | § 
Oxford ...... 42 §5°32 | 63°63 | 67°90 | 6593 | § 
Oyster Bay ....|40 50 . . ’ §7°59 | 66°81 | 72°68 | 70°18 [é 
Palmyra ...... . . 57°65 | 64°08 | 70°67 | 66-44 | § 
Penetanguishene| 44 48 §r°g8 | 65°23 | 70°38 | 68°54 | § 
Pen Yan...... 4 §6°09 | 65°65 | 69°86 | 67°07 | § 
Philadelphia ../39 57 61°18 | 68°65 | 73°92 | 71°51 | 4 


ature of each Month, each Season, and the whole Year. 
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{ Dove. } 


Unirep Srares and CAnapbA (continued).—Mean T 


Pitisberg ‘lhe 
Plattsburg 44 
Pompey ...... 42 
Portland...... 43 


Quebec 


Renselaer,Oswg.| 43 
Rochester ..../43 


F. Ross ...... 38 
Rutland ...... 43 
Sacket’s Harb. | 43 
Saco 43 
Salem ........ 42 
Savannah 32 
F. Scott 30 
F. Severn 38 


F. Snelling .... 
Springville ....| 43 


Steubenville ..| 40 
F. Sullivan ....| 44 


Syracuse ...... 43 
Toronto ...... 43 
Trenton ...... 40 
F. Trumbull 41 
Union...... oe] 43 
PF. Union......|.. .. 


eerscvee 43 
F. Vancouver ..| 48 
Vicksburg ....| 32 


Washington ../ 38 
Washington,N. Y 43 
Westfield ..../ 42 
Westpoint ....| 41 
Williamsburg . .| 37 
Williams’ Coll. .| 42 


Williamstown . .| 44 
Williamstown . .| 42 
Windsor ...... 43 


Antigua ...... I 
St. Antonio 18 
Balize ........ 17 


Barbadoes ....| 13 
St. Barthelemy | 17 
Rio Berbice 

| Bermuda ...... 


820 || 13°58 
1060 |] 25°26 


29°72 
20°83 
-» || 30°90 
34° | 25°34 


1590 || 15°49 
930} 22°56 
20 || 22°0 
29°93 
28°59 
40" 


76°55 
74°6 
78° 
78°69 
78°62 
58°82 


75°65 
74°75 
78° 


79" 99 
79°88 
9°36 


77°85 
75% | 77°35 
80° 81° 

-+ 1 79°77 
80°06 
80°24 | 80°78 
62°78 | 69°08 


80°05 | 


79°86 


6. Sabine MSS. ( 


Mexico and t 


80°95 
79°75 
82° 

80°05 
83°30 
83°12 
75°74 


rature of each Month, each Season, and the whole Year. [4] 
| I | | { 


Diff. ok 
L Oct. Nor. | Dee. | Winter.| Spring. Sum. | Aut. | Year. aac 2ie, vo. of Hour of 
; 9° nn ° ° ° ° ° 
8 73°43 [67°35 57°71 | 82°89 | 72°75 70°07 | 32°72 | 28°81 || 3 17, 2,9 
[54° ]46 (377 | 73° «| 54°67 | sq25 (47° | 37° r |7,2,9 
© ' 45°77 | 33°73 | 22°12 . 64°12 | 44°96 | 44°18 | 46°28 | 40°87 1} 6 N.Y. 
9 44°37 [32°70 23°71 * 63°90 | 43°49 | 42°64 | 44°64 | 41°86 1) 17 IN.Y....... 
6 48°78 | 39°25 1 25°70 . 22°45 | 45°04 | 67°66 | 50°73 | 46°47 | 52°32 45°21 || 3 [7,2,9 -«e- 
C 49°28 | 38°45 13132 26°03 | 44°45 | 67°06 | 48°91 | 46°61 147°89 | 41°03 || 5 17.2.9 ----|D 
3 aon 33°13 1 13°89 1 TE15 | 39°05 | 68°08 | 46°10 | 41°85 | 60°75 | 53°93 || + Je oeeee coos 
2 1 50°43 | 39°58 | 27°58 | 26°10 | 47°65 | 69°17 | S0°5q | 48°37 | 47°19 | 43°07 || 12 |N.Y..... 
O , 45°O2 | 32°49 (25°91 |, 24°73 14708 | 65°94 | 45°67 | 44°36 | 44°23 | 41°27 6 |N.Y....... 
| 66- Go [537 | C -- | 80°33 | 67°67 | .. ee oe 27, 2,9 -20- 
4 | 47°66 | 37°11 | 28°39 |, 26°50 | 44°79 | 67°19 | 48°27 | 46°69 | 45°49 | 40°69 || 12 |N.Y....... 
© 1 54°64 | 51°85 | 49°39 | 48°31 | 51°15 1 57°45 | 54°50 | 52°86 | 10°55 | 9°14 || 4 17, 2, 6, red. |D 
4r° 37° 130 22°17 | 41° 6°33. 145° | 43°63 | 49°50 ] 44°36 I] x j....-..00- 
52° }4r 26" 27° 1 44°33 | 69°67 | 53° | 48°50 | 50° | 42°67 |} 17,2,9-- 
}6 | 48°08 | 33°18 | 25°05 |, 21°46 | 43°34 | 67°36 | 47°91 | 45°02 | 50°37 | 45°90 || 2 [7,257 ---- 
6 | 53°34 | 39°96 | 30°29 |, 27°88 | 46°08 | 70°07 | 51°42 | 48°86 | 33°62 | 28°48 || 42 |8,12,10,suns/D. 
16 | 66°92 | 57°20 | 50°50 | 52°13 | 69°23 | 80°74 | 66°69 | 66°70 | 31°73 | 28 6x | 7 17> 2,7 see 
7° 59° | 58°33 | 67°67 | 79° =| 68°33 | 68°33. 425° | 20°67 7 «= 17,2,9 -- 
}@ | Ox°g5 | 53°82 | 38'S | 34°3r | 56°13 | 7669 | 62°58 | 57°43 | 50°40 | 42°38 || 1 |7,2,9 
HX 1 .49°27 | 33°36 | 15°60 || 15°95 | 46°74. | 72°76 | 47°35 | 45°70 | 61°89 | 56°82 | : 7 2 9 


- 


22 146°06 | 35°05 | 31°14 27 43°86 | 63°76 | 46°38 | 45°27 | 43°13 | 36°70 
; . ° . 2 
8 | 47°22 | 35°83 | 27°35 | 22°95 | gorrx | 62°10 | 46°78 | 42°98 | 43°87 | 39°15 || 5 [7,29 --- 
28 | 47°72 | 32°80 | 32°12 | 27°86 | 43°48 | 69°79 | 48°27 | 47°35 | 50°92 | 41°93 I > Ce 
71 | 45°69 | 36°03 | 27°24 |' 25°43 | 42°34 | 64°63 | 46°81 | 44°8x | 45°82 | 39°20 || § jhourly ... 
#4 | 53°53 1 41°33 | 32°88 | 32°12 | 49°39 | 70°73 | 52°10 | Sr’og | 41°95 | 38°61 || 5 jsunr. 2, 10 
22 | 58°10 | 46°70 | 43°95 39°33 |S 7 89 | 57°61 | 54°95 | 39°37 | 32°56 || 2 17,2,9-- 
46 | 41°30 | 37°74 | 26°52 2447 46°26 | 67°16 | 49°23 | 46°78 46 79 | 42°69 g |N.Y....... 
oe oe . 44°07 | 70°12 o* g0°17 ) ee Oo eee 
86 | 51°65 | 43°24 | 32°14 |! 30°38 | 47°04 | 68°69 | 51°58 | 49°42 | 43°64 | 38°32 |] 17 > 
52 | 47°57 | 35°40 | 26°28 | 24°41 | 44°12 | 66°23 | 47°16 | 45°48 | 45°10 | 45°82 || 37 ‘|N.Y... 
° 43° 43° | 43°33 43° 65 §2°67 | 51°75 | 28 23°67 I 175 25 Q eeee 
40 | 64°92 | 55°26 | 50°91 ! §2°0r | 71°61 | 81°08 | 65°53 | 67°56 | 33°57 | 29°07 || 2 |[sunr.z2,suns/D. 
50 | $7°17 | 44°93 | 39°36 37°76 | 56°19 | 76°74 | 56°87 | 56°8q | 42°40 | 38°98 || 8 [7,2,9.--- 
50 + 45°53 | 36°97 | 29°96 + 25°37 | 44°29 | 67°97 | 47°33 | 46°24 | 46°29 | 42°60 || 6 JN.Y...... 
40 | 51°25 | 38°95 | 32°05 ' 29°37 | 48°88 | 70°60 | 50°20 | 49°76 | 47°75 | 43°23 || 2 |---e---e-- 
87 1 53°rr | 43°64 | 38°10 | 32°Ir | 50°93 | 72°86 | 53°23 | 52°28 | 46°17 | 40°75 4 |7,2%9 
93,5772 14483 | 38°31) 38°15 | 58° | 79°4 | 57°65 | 58°33 | 49°28 | 4x°25 || 13° [8,2 ---- 
<3 | 47°07 | 36°6r | 26-93 || 42°38 | 43°6 | 67°94 | 47°90 | 45°92 | 48°22 | 43°76 lax |...... ee 
98 \4t 78 | 30°08 | 18°06 16°42 | 37°99 | 61°62 | 43°61 | 39°41 | 48°55 | 45°20 | 


Lvs) 

e 8 » . © 7s 
a 
Lend 


° | 47°22 | 69°06 | 53°84 | 50°66 | 41°52 (36°55 || 9 17,259 ---- 
21 | 50°40 | 37°78 | 29°14 |: 28°80 | 45°46 | 67°16 | 50°13 | 47°89 | 41°49 | 38°36 |} 35° « jsunr.2,suns./D. 
53° [49° | 30° || 36°33 | 53°33 | 75°67 | 577 | Ss's8 [48° [39°34 || 1 I-29 
296 observations). c. Cotte. 
| West INDIEs. 
{ 

5 | 80°85 8x85 }79°x | 77°7. | 78x18 | Sax | 81-4 1 79°6 5°35 | 3°40 | a oe iD. 
752 D 
76 


4 |23"45 73°7, 175°4 757 |79°53 | 79°52 |77°49 | 5°80] 4°33 | 2 jsunr.12 -- 
81° ° . 79°67 | 82° 80°67 | 79°58 | 7°0 6"0 

"58 1 79°72 | 79°86 | 76°79 we -- {80°36 }79°72 1] «. . 
"18 (80°17 | 79°48 | 79°32 || 79°03 | 79°97 | 82°30 79°61 | 79°97 | 4°61 | 2°27 xr |} (6+12+2) 
"84 | 84°20 | 82°76 | 80°24 |! 79°20 | 80°30 | 83°24 | 83°60 | 81°56 | 5°94 | 4°14 1 17,37 ----(D. 
82 73°04 | 65°84 | 60°62 | 58°76 | 63°74 ; 75°20 | 71°90 | 67°40 | 19°98 | 16°44 | TO -e ee ee eee ID. 


a 


se 


-_ 


mn 
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[Dove.] Mexico and the West Inp1ks (continued).—Mean Te 


Commewine .. 
St. Christopher 
Cumana ...... 


Havannah .... 
Kingston, Jam. 
Kingstown,St. V. 


Maracaybo .... 


Paramaribo.... 
Puerto d’Espaha 
Puerto Rico.... 


Up Park Camp. 
Vera Cruz .... 
Veta grande .. 
St. Vincent.... 


4. Sournh AmMEricA——Mean Temperature o 


Callao ......0)/—12°3 77.13] «+ 73°94 | -- [69°80 | -. | 66°56 [64°76 | .- | 61°70 
Gongo Soco ../—19 59 43 30| 3360] 71°07 | 73°25 | 70°2 | 68°65 | 65°75 | 60°2 | 59°52 | 63°81 
Lima ........|—12 3 77. 8] §301| 78°08 | 79°88 | 80°06 | 77°36 | 77°90 | 68°36 | 68°54 | 67°28 
Quito ........ —0o 4 78 45| 8970 || §8°24 | 60°98 | 60°04 | 59°86 | 60°62 | 59° =| §9°18 | 60°94 


( 
{ 
( 


Rio Janeiro....|—22 54 43 16] .. || 80°13 | 80°04 | 77°95 | 75°47 | 70°68 | 68°68 | 67°15 | 69°96 | | 


Port Famine ../—53 38 qo 58) «- || §x°x0 | 49°37 | 41°22 | 35°47 | 32°97 | 33°03 | 33°25 | -- 
Falkland Islands) — 52 61 -- 156° | 54° | §2°6x | 48°65 | 46°64 | 43°5 | 37°41 | 38°64 | - 
Cape Horn .. ..|— 56 67 40°01 | 35°69 35°42 


Raiatea ......!— 36 40 156 16] .. || 78°73 | 80°67 | 80°90 | 79°43 | 784 | 78°4 «[75°7. 177°83 
Honolulu ....| 21 16 | —357 59] -- || 70°52 | 71°96 | 73°24 | 73°58 | 75°56 | 77°38 | 77° 78°80 | ; 


a. Journal of the Geog. Soc. 1830. 6. K 


rature of each Month, each Season, and the whole Year. [5] 


‘ . ||No.of| Hour of 
Dee. | Winter. | Spring. . | Aut. | Year. Years iP our 
°o ° ° 0 
59°00 || §9°97 59°97 | 59°74 r 19.4 --++--|D 
71°70 |, 69°82 72°77 oe 1 (6, 7,2, 3--/D. 
78°80 || 78°08 78°73 | 78°15 D |.eceeeee--(D. 
es 73 | 78°29 82°38 | 81°27 1} |dail. extr.. |D. 
80°83 || 80°56 ee o. Eo [oocseee oo 0(D. 
72°68 || 76°40 oe oe «> |§,1a,9 --|D. 
76°5 || 79° 81°33 | 80°71 I} |... oceee|D. 
78°69 | 82°63 78°40 | 81°29 I feccececeee (De 
67°9 || 67°9 75°73 | 74°63 y |8 ...00. »-{D. 
70°33 || 71°36 77°33 | 76°81 seeceee|D. 
66'2 || 65'99 68°26 | 68°58 x |8, 12,4-.../D. 
81°70 || 81°62 ee we oo 170 3 cece eelD. 
73°54 || 72°98 78°12 | 77°17 J |occeseeces . 
76°74 || 76°16 79°75 | 78°77 5 jsunr.r—2 |D. 
79°81 || 78°80 S104 | 80°25 - eee 
81°87 || 82°14 Ss*xz | 84°75 Ty J cccees D. 
: . . . sunr.2,. suns. 
74°68 || 73°44 79°55 | 78°33 2{ dail. extr...|D. 
§2°05 || 53°64 60°13 | 60°60 1 |7> 3, 3% D 
7O° 70°67 80°33 | 78°67 a Coe ee 
79°66 || 78°64 82°73 | 80°30 2 |7, 37 D 
76°5 |: 76'5 78°83 | 78°00 Zo [ewer cccece 
78°00 || 78°05 81°56 | 81°38 5 17) 325 § D 
es 78°33 ee ee eee e ry 
81°30 || 79°87 82°43 | 8x°23 r 16,7,4,8 ..|D 
70°88 || 69°62 75°10 | 73°72 x co eees 
54°12 |, §4°87 58°98 | 60°10 xr |8,2,6% ../D 
79°85 || 78°07 30°66 | 79°40 3 |6,2,6 ....|D 
62°38 || 64°79 71°79 | 72°66 4 |7,12, 10 ..|D 
77°5 || 77°83 80°33 | 80°63 ae Soe 
71°06 || 70°88 78°26 | 77°02 13 |-.+e05-2--(D 
52° || 50°80 57°48 | 57°44 2 |8}.4% ----|D 
80°40 || 79°88 82°73 | 81°52 6 |eceeeeseseID 


each Month, each Season, and the whole Year. 
er oe 


. -- | 68°36 | 73°96 oe oe ee os ee - os ecco se eel De 
67 | 70°60 | 72°19 | 72°2 || 71°51 | 68°20 | 61°18 | 6g'02 | 67°48 os ws 1 |6,9, 12, 4, 6,'D. 
"20 | 69°26 | 71°96 | 74°84 || 77°60 | 78°44 | 68°06 | 69°14 | 73°31 13°86|— 9°54|| 2 |x2. [8, 22/D 
"34 | 59°95 | 60°53 | «> -» |60°17 | 59°7x | 60°61 oe oe we Yl ee .{/D 
‘48 72°82 74°39 77°27 79° 15 74°70 | 68°60 | 72°56 | 73°75 12°98 10°5 s|| 7 |red ......(D. 
oe 42°02 | 33°08 oa oe 3 (6,9, 12, 3,6) 4. 

751 ar s 472 | 49 87 sy 29 48°97 | 39° 35 46°82 | 47°23 18°59 a r3 a4 Eo |rsserscecells 
ee 43°34 ee ee ee ssoeeerees e 

7793 |77°53 | 79°. || 79" 53 | 79°s8 | 77" 3x | 77°63 | 78°51 s'20|— 2 22 | a 3 times ..|D. 

30 | 77°36 | 75°20 | 72°50 || 71°66 | 73°46 | 77°66 | 76°82 | 74°90 :- 28 14 7, 2, 10-++./D. 


wan, p. 216. . Bergh. Landerk, i. 365. 


[ Dove. ] 5. AFRICA, Isian 


ed 


St. Michael.... gs9°5 | 61° 63° 67° 68° 

Funchal ...... 64°22 | 64°40 | 64°76 | 68°72 | 72°50 
SantaCruz(Ten.) 67°37 | 67°32 | 72°12 | 73°89 | 77°29 

Las Palmas.... 64°76 | 66°31 | 68°23 | 70°30 | 73°63 
Laguna ...... 8°13 | 59°13 | 62° =| 65 68°38 
Guinea ...... 83°66 | 82°76 | 82°22 | 83°68 | 75°98 
Christiansborg 82°78 | 83°37 | 82°96 | 79 17°09 

Cape Coast .... 8o°5 | 80°2 | 79° 73°7 «1 75°8 
Freetown .... 80° So° So° 78 73° 

Elmina ...... Sr° Sr 80 79° 77° 76° 
Niger .. 86 87°98 | 87°98 | 89°06 | 80°06 | 87°85 
Cobbe........ 80°60 | 86°54 | 87°44 | 87°08 | 87°80 | 87°08 
Kano ........ ee a . » | 78°53 
Kouka.. 88°88 | 92°30 | 91°04 | 89°60 | 83°66 = 80°42 
Soccatu ...... 85°39 | 8ax5 | .- = . . 
St. Helena 66°24 | 65°60 | 63°05 | 60°07 | 57°99 | 57°17 | 
Ascension we 73°17 | 72°81 | 80°82 | 78°18 | 76°48 | 76°74 
Cape of Good H./— 34 ws ° 65°76 | 62°62 | 57°6r | 54°14 | 54°42 | 54°63 


a. Sabine, St. Helena Observations, vol. i, am 


6. Great Britain——Mean Temperature of 


Aberdeen ...-| 57 9 | 2 § | 50[/37°82 | 39°03 | 42°80 | 47°57 | 54°29 | 58°49 | 60°47 | 59°64 
Ackworth ...-} 53 39 1 20 35°73 | 38°r8 | 41°60 | 45°85 | §1°70 | 57°92 | 60°72 | 59°51. 
Alford.......- -| 57.13 | 2.45 | 420]| 33°30 | 35°46 | 37°86 | 42°56 | So's | 55°45 | 57°46 | 56°54 
St. Andrews 56 21 2 48 7O!| 37°25 |40° | 42°17 | 46°03 | §1°58 | 57°19 | 60°35 | 59°30 
Antrim .....-| §5§ 6 30 32" | 38°75 | 41°25 | 49°75 | 49°25 | 53°75 | 60°75 | 6ora0 
Applegarth...-| §5 3 | 3 12 | 170|| 34°06 | 35°92 | 38°84 | 43°27 | 49°24 | 54°77 | 57°09 | 56°50 
Ashfield ...... oe ae 43°7 43 146° $40 | 55°89 | 57°S | 59°33 | 59°3 
Bedford .... 52 8 Oo 30] .. ‘3-08 a és 45°26 49°89 33-26 6x11 baa Gare 
Belfast ...... 54 37 § 58] .- || 40°02 | 41°42 | 45°66 | 50°68 | 58°30 | 63°45 | 64°24 | 63°85 
Bolton ...... 53 35 224] -- 11368 |39°7 |42°9 |47°0 |53°9 | 5973 |61°6 | 60°6 
Bonally ......| 56 3 10 | 1100 || 34°68 | 35°92 | 36°70 | 40°75 | 47°48 | 53°50 | 55°96 | 54-48 
Boston oool §2 48 © § | ++ {1 35°97 | 37°32 | 43°67 | 47°52 | §5°52 | 63°63 | 63°02 | 61-29 
Bristol......--| §1 27 236) .. || 36 * 143° rm 61 s57°)— |} 6ae | 67" 1 Bs 
Bushey Heath | 51 38 O22 | .. || 36°25 | 38°23 | 41°76 2820 53°38 | 60°30 | 63°00 | 62°17 
Calenik . 50 oe | 38° 145 47° gz” | §8°) | 62" | 6S" 63° 
Carbeth ...... 56 oO} 4 22] 480] 45°74 | 38°02 | 4or2a | 42°19 | 50°05 | 56°39 ; 60°53 | 59°02 
Carlisle ‘| 5454] 2 58 36°19 | 38°59 | 40°49 | 44°82 | 51°36 | 55°69 | 58°48 | S801 
Cheltenham ..| 51 54 2 4 38°25 | 41°75 | 46°18 | sotso | 54°16 | 61°50 | 66+33 65"12 
Chichester ....] 50 52 0 45 ~ || 36°46 | 40°56 | 43°22 | 49°29 | 52°78 | 59°12 | 62°22 | 61°02 
Chiswick -...| 51 29 © 18] .. || 36°34 | 39°60 | 43°16 | 47°46 | 54°63 | 60°31 | 62°97 | 62°57 
Clunie Manse..| 57 12 | 2 35 | «- || 36°46 | 38:29 | 4120 | 45°65 | 51°91 | 57°07 | 59°59 | 57°63 
Cobham ...... §1 20 © 23 | -- {1 34°00 | 35°58 | 46°90 | 47°87 | 57°96 | 57°36 | 58°37 | 63°14 
Colinton ...... 55 55| 3 16 se 36°78 | 38°23 | 40°31 | 45°35 | 52°12 | 57°29 | 59°17 | 58°22 
Crumpsal ..../ 53 32 214] -- [1369 |38'9 |42°2 | 46°6 | 52°2 | 57°6 |60°2 | 5973 
St. Day, Gwenap| 50 ee | ae | - -- '48°12 | 52° 60°5 159°8 | 58°9r | 56°17 
Yorscecess 52 58 | 130] 1601135" | gos [40° 1 43°5 | 50°§ [53° | 55°5 | 54'S 
Dublin, 4 ° 53 21 6 1 ee | 39°26 40°72 |43°24 48°05 54°37 60°24 61°47 61°40 


— 


a. Forbes, Climate of Penzance. 


of the ATLANTIC. 


°98 | 81°50 | 81°14 | 82°22 | 82°52 82°83 
"95 | 80°53 | 81°77 | 81°03 | 81°30 83°03 
° 78° |80° |80° j sr So" 
: il .. 
*16 | 89°02 | 80°06 | 80°06 |! 84:02 | 87°32 
"72 | 83°22 | 78°08 | 72°68 | 6g¢or 84°85 


730 | 85°28 | 79°70 | 70°52 | 76°46 | 90°74 


ar 
o7 | 58°23 | 59°84 | 61°77 | 63°87 | 64°96 


| 


"77 | 59°97 | 62°46 | 65°35 | 66°95 | 62°00 


ASS. of the Cape of Good Hope Observations. 


ach Month, each Season, and the whole Year. 


6°72 149°97 |43°18 | 40°28 || 39°03 | 48°22 | 59°53 | 49°96 | 49°28 | 22°65 20°52 | § {8 veeeeeeelD. 
4°95 | 49°47 [41°79 | 39°86 || 37°92 | 46°38 | 59°38 | 48°74 | 48°12 [24°99 | 21°46! 18 (dail. extr.../D. 
1°57 | 44°31 [38°55 | 37°94 || 35°57 | 43°52 | 56°48 | 44°74 | 45°08 | 24°16 | 20°91) 10 Ioh, 8h ----(D. 


5°69 | 49°56 | 43°27 | 40°4x || 39°22 | 46°59 | 58°95 | 49°47 (48°56 [23°10 | 19°73) 8 |10,10.... 
51°50 | 43°75 | 39°50 11 36°75 1 46°75 | 58°26 | 49°83 | 47°87 [28°75 | 2rqr|| .. fo... eee »--(D. 


"2 

ta? 463 § | 40°83 | 38°x2 || 36°03 | 43°78 | 56°12 | 46°46 | 45°60 | 23°03 | 20°0911 19 [9,9 .....-|D. 
5° | 49°40 | 46°25 | 40°67 || 43°28 | 5o°r0 | 58°72 | 50°22 | 50°58 | 18°66 | 5°44] 1 foes eeeee-|D. 
8-03 | 54°46 | 45°26 | 41°77 || 40°51 | 51°20 | 62°68 | 52°25 | 51°64 | 26°23 | 22°17/| 8 (daily extr. .|D. 
8°36 | gr-7x | 44°82 | 42°62 || 41°35 | 52°55 | 63°85 | 51°63 | 52°09 | 24°22 22°50 | 6 |9,3 --....|D. 
5°7 149°9 142°§ |39°9 | 38°80 | 47°93 | 60°50 | 49°37 | 49°15 | 24°80 | 2170] IO [....... .--/D. 
9°86 | 45°62 | 38°23 | 37°38 | 35°99 | 43°54 | 54°65 | 44°57 | 44°23 | 22°28 | 18°66) 5 (8,8 ....../D. 
4°02 | 49°25 | 42°34 | 39°94 || 37°74 | 48°24 | 61°98 | 48°54 | 49"12 | 27°04 | 24°24) 20 [8h...... ..{D. 
7 49° 149° 145° 40°33 | 50°33 | 64°33 | 51°67 | 53°67 | 31°00 | agtoo|] 3 |....... ~e 1D. 
6°91 | sovox | 44°09 | 38°0% || 37°50 | 47°72 | 61°82 | 50°34 | 49°34 [26°75 | 24°32) 8h /dail. extr.../D. 
rm o61s5°  l47" 143° «4° | 2°33 | 63°33 | 54°33 153° | 27° 21°33] 5 [8,2-..... a. 
4°50 | 46°58 |42°37 | 36°18 || 36°65 | 44°25 | 58°65 | 47°82 (46°82 | 24°79 | 22° | 4 |10 am. red.jD. 
3°81 | 48°09 | 41°38 | 36°97 || 37°25 | 45°49 | 57°39 | 47°76 | 46°97 | 22°29 20°14 | 24 8,1,9.-...|D. 
'9°C6 | 50°42 | 43°50 | 41°75 || 40°60 | 50°28 | 64°32 | 50°96 | 51°54 | 28°08 23°72 | 3 \red. . b 

8°67 | 50°54 42°72 | 39°54 || 38°85 | 47°76 | 60°78 | 50°64 | 49°51 | 25°76 | 23°93) 3 (8,8 ------ b. 
7°38 | 50°46 | 43°44 | 40°30 || 38°75 | 48°42 | 61°95 | 50°39 (49°88 | 26°63 | 23°20 16 dail. extr.../D. 
13°21 | 47°67 | 40°72 | 38°15 || 37°63 | 46°25 | 58°10 | 47°20 | 47°30 | 23°13 | 20°47]| 16 |30, 10 ..../D. 
O10 1 49°58 | 43°33 | 40°06 || 36°55 | So°9r | 59°62 | Sr°00 1 49°52 | 29°14 | 23°07 | I [--ceee-e{D. 


sr lags «6137S 133°5 || 36°33 1 44°57 | 54°33 | 44°33 |44°92 | 22° 18° 
56°48 ; 50°08 1 43°69 42°02 || 40°67 | 48°55 | 61°07 | 50°08 | So°0g | 22°23 | 20°40] 17 |-----ee--e/D. 


d. Clarke, Iufluence of Climate. 


| 
‘2°98 | 48°75 | 40°13 | 39°87 || 38°29 | 45°93 | 58°23 | 47°29 (47°43 [22°39 | 19°94] 5 [8,8 --.---|D. 
6-7 | sos |43°9 |4t'x || 38°97 147° | 59°03 | 50°37 | 48°84 | 23°30 20°06 8 |dail. extr...|/D. 
16°71 48°72 |145°73 | 43°69 «+ | 53°54 | §8°29 | §0°39 HX |eceees oeee(D. 
| 


[ Dove. } 


Dublin, 8 


Dunfermline .. 


Dundee 


Edinburgh .... 
Elgin ........ 


Hawksbill .... 


Malvern 
Isle of Man 


Manchester, - 


Pencarrow, Cor. 


Penleonard, Ex.) .. .. 


Penzance 
Rosebank 


Sandwick .... 
Sidmouth .. 
Southwick .... 
Stromness .... 


Isle of Wight .. 
High Wycombe 


York 


6 
56 5! 3 26 
56 27| 2 $7 
55 58| 3 31 
57 38: 3 16 
§1 4! —O 27 
5° 43, 3 21 
590 9] § 6 
55 5t| 4 14 
5047 1 7 
51 29 eo °O 
55 58} 3 10 
59 9} 5§ 38 
54.17; 2 46 
54 33) 3 9 
53 20 2 20 
54 3) 2 48 
55 251 3 48 
59| 3 10 
53 25| 2 59 
30} oO § 
52 32|-0 3. 
55 36| 2 3: 
5¢ 8] © 47 
52 7] 2 19 
54 12| 4 30 
53 29 2 14 
51 46; 1 16 
5° 71 5§ 33 
56 25 o ee 
59 95| 317 
50 41] 3 13 
§2 30 — J 25 
58 57) 3 38 
5 36} 3 53 
51 36) o 5 
50 16] § 3 
60 45| 1 41 
54 33! 3 33 
58 29] 3 § 
50 45] 95 
51 36] 0 35 
| 53 § 57) 3 § 


GREAT BRITAIN (continued).—Mean Temperature 


35°14 
510 I 35° 20 
213 | 32°3 

85 35°87 


« f 33°39 


a. Thompson’s Annals, 1818. 


37°49 


39°O! 


39°41 


42°91 


6. Cotte. 


46°26 
44°18 
43°54 


50°40 
44° 

43°30 
45°96 | 
| 49°88 


Ee 


46°43 
48°2 

49°49 
44°92 
44°38 


45°06 
44°27 
42°95 
46°38 
48°06 


48°20 


sais 


March.| April. | May. | June. | July. | Aug. | 


47°00 52°02 


48°23 
61°20 
50°34 
51°82 


61°69 
gr 

53°55 
54°96 
| 55°64 


54°06 
52°03 
53°93 
52°06 
52°25 


50°86 
§rrs 
49°65 
5o°or 
55°27 


55°53 
54°94 
53°80 
§1°6 
52°44 
49°8 


52°13 
53°2 


52'7 


a 

“ 

re} 
wn 


5°03 | 58°04 | 55°44 
61°18 | 62°42 163° st 


e. Edinburgh Transactions, 1826. 


each Month, each Season, and the whole Year. 


Oct Nov. 


Spring. 


| 
Ie. | Dec. | ste 

| 

— ' 
7 | 50°00 43°12 
96 46°41 | 40°66 


49°89 
45°02 
45°30 


43°54. 41°39 | 
33°45 


| 38°45, | 


53°40 
45°33 
48°47 
50°14 
48°38 
| 47°68 
| 49°26 
45°33 
45°51 


36°62 | 
40°30 | 36°62 . 
33°3 
39°78 | 
1 41°67 


36°79 
37°08 
33°37 
40°49 
41°30 


45°52 
44°21 
43°37 
45°75 
49°26 


49°06 
48°18 
47°30 
45°83 
46°51 
41°53 


47°44 
47°37 


40°57 
38°34 
37°43 | 


39°50 
37°49 
36°92 
38°57 
36°30 
|| 40° 


44°'8 
36°63 
41°2 


41°67 
38°33 


37° 

39°77 
| 39°47 
44°23 


43°43 
39°° 


37°0 
42°82 
42°6 
45°16 
31°8 


47°17 
§1°o1 
51°27 
49°31 
45°70 


34°43 


44°26 
50°66 
50°92 
43°80 
49°67 


47°52 
53°37 
43°07 
| 47°03 
45°09 


41°80 
43° 

42°78 
41°08 


39°74 
40°43 
42°78 
39°35 
46° || 45°50 
38°34 | 
44°6 
37° 
41°70 
39°96 
39° 39° | 48°67 
35°71 || 35°74 | 44°30 
36°43 || 36°28 | 49°37 


d. Edinburgh Phil. Journ., 1827. 


37°49 
41°63 
38°68 
39°90 
38°82 


. Phil. Mag. 


o ° ° 
Ses 59°57 | 49°63 | 49°05 | 22°22 


45°22 23°34 
51°94. | 26°15 
47°13 | 21°31 
47°77 | 23°67 


36°43 
25°CO 
18°37 
23°02 
25°04 


27°21 
24°98 
19°34 
25°02 
23°48 


53°37 
46°75 
50°27 


22°19 
21°16 
25°20 
19°74 
22°05 


26°74 
28°33 
25°25 
23°80 


19°81 
24°10 


24°70 
20°96 
23°00 
19°48 
26°60 


17°45 
29°20 
20°95 
17°32 
22°50 
28°05 
19°90 
17°50 
22°13 
18°54 
28° 


24°02 
30°12 


mA 
BSG 6 
Aw oo oo 
wm OS we 6] 


19°74 | 6 
18°53 | 20 
22°08 || 1 
18°92 | 17 
2195 || 3 
28°95 | I 
21°34 | § 
16°14 || 2 
20°45 | 9 
21°97 || 16 
22°57 | 3 
22°35 | 3 
17°66 || 6 
20°75 || 13 
21°07 | 4@ 
20°39 || 10 
19°75 | 7 
22°36 || 10 
17°78 | 2 
19°84 | 25 
23°43 | 5° 
24°99 || 28 
18°16 is 
20" I 
17°31 | 9 
21°47 | 47 
23°37 | 2 
17°75 | 1 
19°46 | 1 
16°63 jj 21 
23°20 | 1 
14°31 || 5% 
23°40 | 3 
18°89 | 22 
1§°07 || 12 
3-17 || I 
24°09 25 
16°74 ;| 1 
14°00 | 1 
19°74 || 12 
16°51 | 2 
ete 


dail. extr.../D. 
9, red. ..../D. 
noon. .|D. 
dail. extr...|D. 
g, red. ....|D. 
8,2 ..00.. D. 
SB .cccee ee | A 
10, red. ../D. 
dail. extr...|D. 
2-hourly ../D. 
ee cece ccs é. 
dail. extr.../D. 
dail. extr.../D. 
64, 12—1, 6 |D. 
8,2,10 ..\D. 
to, red. ../D. 
6, 1, red. ..(D. 
hourly oe/ CL 
IZscccnees D. 
dail. extr. s D. 
dail. extr...{D. 
dail. extr.../D. 
dail. extr.../D. 
dail. extr.../D. 
dail. extr...|D. 
g, t1, red. .|D. 
8,1,11 --(D. 
10,10 ....|D. 
epneaecce eae D. 
wesc eccacs D. 
8, 2, red. .. D. 
dail. extr...|D. 
10, 10 ID. 
dail. extr.../D. 
ececccnacs D. 
10, 30 ..e-/D. 
9, § os eee. D. 
dail. extr...!D. 
cece reve ne D. 
74, 84 seeel dd. 
dail. extr.../D. 
red. ecesee, G 
Q cccvccce a. 


J. Athenzeum, 1841. 


att t Lisi hy » 
UN VERSITY 
Lv wey 


<~ 


[ Dove. } 


° 
Alais ......5-/44 


Arles ...ccees 


7. France.—Mean Temperature « 


é 


7 
43 41 


Arras ...200|50 18 65°53 
Avignon -.--+-143 §7 74°12 154 
Besancon ...-| 47 14 7oras | 66 
Bordeaux ...-+| 44 §0 73°18 | 77 
Boulogne ...-| 50 44 67°06 | ég 
Bruyére ...+.+/48 13 73°63 | 68 
Cambray....-+|§0 11 68°23 | 6 
La Chapelle ../49 56 60°85 | 62 
Chartres .....-|48 27 65°98 | 6 
Chinon ......|47 10 69°58 | 3c 
Cusset....020./46 21 70°93 | 65 
Dax....cvere+/43 42 68-00 | 70g 
Denainvilliers . | 48 12 69°35 | 67 
Dijon ...cee++|/47 19 7o°25§ | 72°5 
Dunkirk ......|52 2 65°75 | 644 
Gray ..ccesee/ 47 13 69°35 | 66x 
Hagenau....-./48 49 7° 7o2 
Lucon ....20++|46 27 0°03 | 71% 
Manosque ...-|43 50 84°20 | 8472: 
Marseilles ....| 43 18 75°90 | 7183 
Metz ..ceeee+/49 7 75°20 | 7671: 
Mont Louis ..| 42 50 58°10 | sg'0x 
Montmorency ./49 o 66°88 | 68-0 
Montpellier ../ 43 36 78°35 |777« 
Mihlhausen ..| 47 49 70°25 | 69°35 
Nancy ....-0+-|48 41 69°35 | 69°33 
Nantes .....-|47 13 69°58 | 70°70 
Oleron Aunis..|46 3 68°68 | 72°c5 
— Bear ../43 10 73°63 | 70°25 
Orange .....+|44 07 88°34 | 82-40 
Paris ...22+++| 48 50 65°66 | 65°35 
Paul ..--2ee00+/ 43 18 68°60 | 73740 
Perpignan ...-/42 42 77°99 | 76°55 
Poitiers ....-.| 46 35 69°35 | 69°80 
Provins ...e++|48 32 66°83 | 73°63 
Puy .-cccsceeel 45 3 71°20 | 74°71 
St. Rambert ../45 57 86°54 | 84°63 
Rh sovees! 42 0 64°96 | 70°36 
Rochelle ...... 46 9 69°04 | 66°45 
Rouen.....-..|49 26 66°20 | 65°75 
St. Brieux -|48 313 68°90 | 69°8c 
St. Malo...... 48 39 68°45 | 67°33 
St. Mau.leGirard| 46 30 67°55 | 66°4; 
Soissons ....../49 23 72°50 | 74°98 
Strasburg ....| 48 45 65°Sa | 65°32 
Tarascon...... 43 48 78°13 | 75°88 
Toulon ...... 4367 7° 76°55 
Toulouse ....| 43 36 ors | 71°%4 
Troyes....+.-. 48 18 69°35 | 68°74 
Versailles ..../48 48 65°75 |} 65°75 
Vienne +145 32 72°95 173°4¢ 
Vire.....2ees. 48 50 63°95 | 64°4¢ 
Viviers ...... 44 29 73°85 | 74°98 
* French Feet. a. Martin, Cl. de la Fr. 6. Cotte. 


— 


I yath, each Season, and the whole Year. [8] 


33°6Q | 2 [evcveccece| B. 
28°66 | § |..cenceeHl BD, 
22°38 | 3 Ig, 9 -oe+--|D. 
28°05 | 8 [.caeceeeee| B 
29°47 | 9 Jececceceee| B 
3301 | 4 we ee| Be 
24°52] 5 [eeseeee eee] 8. 
30°60 | 30 =(|8, 2, 13 b. 
34°20 | 7 Jovesececeel! B 
24°52 | 3 eoecceee| B 
30°97 | 2B |. .c cee e ee] 
33°07 | § |3 times....| . 
30°75 | 4 [ence cee e eel B 
44°48 | 4 Jecsecccees b. 
27°71 | § 1712 Q evel ae 
94°72 | 7 |eccnenenes 

25°58 5 |e . 


e. Guerin, Haut. Bar. d, Schon. e. Bib. Univ. 


ao 


[ Dove. ] 8. SwITZERLAND.—Mean Temperature of « 


Lat. N.| Long. W. | Elev Jan. Feb. | March.| April. | May. | June. | July Aug. *( 

os o 4 | Feet.*!! o ° ° ° ° ° ° lo 
Basle ........ 47 34|— 7 32 | 755] 30°33 | 34°48 | 41°36 | 48°90 | 57°79 | 63°19 | 65°95 | 65-12 
Berne ..... 46 57|— 7 26 | 1790]|| 26°49 | 32°38 | 39°07 | 45°50 | 54°14 | 58°44 | 62°67 | 61-66 
St. Bernard ../45 so/— 6 6 | 7670) 16°38 | 18°18 | 21°83 | 27°30 | 36°03 | 40°75 | 44°24 | 44-17 
Chur ........ 46 50|— 9 38 | 1080 |! 29°34 | 35°42 | 42°37 | 47°62 | 60°28 | 61°66 | 65°75 | 63-91 
Faulhorn...... 46 41|—12 40 | 8250|'_ .. - -_ -_ -- | 36°50 | 39°20 | 33°39 
Freiburg ...... 46 48/— 7 10 | 1950 | 24°26 30°49 | 38°73 | 46°56 | 54°79 | 59°00 | 62°71 | rss 
Geneva ....../46 12|— 6 10 | 1253 |, 31°05 | 36°23 | 42°58 | 51°78 | 62°26 | 67°57 | 71°76 | o3-74 


St. Gothard ..| 46 32 
Lausanne ..../46 31 
Marschlines ../46 55 
Neufchatel ....| 46 59 


8 33 17°85 | 16°05 | 17°87 | 26°0r | 34°97 | 42°85 | 45°68 | agcss | 
6 38 30°24 | 36°32 | 40°37 | 48°20 | 56°93 | 64°65 | 63°73 | 65-34 
9 56 | 2300 | 36°14 | 38°17 | 42°73 | Sovar | 61°07 | 64°81 | 67°69 | 68-05 
e 55 1350 |, 33°80 | 37°20 | 43°25 | 49°10 | 57°88 | 64°18 | 67°10 | 68°23 
6 - 

8 32 


Ouchy . . 46 30 1220 || 26°24 | 39°22 | 42°67 | 41°29 | 55°47 | 64°co | 68°36 | 70°21 
Vevay ........ 46 28 1250 || 33°24 | 36°26 | 43°03 | 50°23 | 58°24 | 64°40 | 68°45 | 64°40 
Zurich........ 47 23 1254 || 27°25 | 34°12 | 39°94 | 45°46 | 60°26 | 61°50 | 65°68 | 65°26 
a. Wahlenberg, Veget Helv. 6. Schon. 
9. HoLiayp 
Amsterdam....| 52 23|— 4 53] -- | 33°19 36°82 | 40°74 | 48°13 | 55°69 | 62°52 | 65°34 | 65°39 «|! 
Arnheim .....-|§1 §9/— 5 55 60 || 33°10 | 36°51 | 40°12 | 48°19 | 56°22 | sg'9r | 63°62 | 63° 13° 
Breda .-...... 5¥ 35|— 4.47 | -+ | 35°59 | 36°25 | 42°22 | 48°43 | 58°33 | 59°29 | 63°37 | 5" 93 
Brussels ...... 59 SIl— 4 22 | 262] 35°29 | 39°36 | 42°78 | 47°28 | 57°07 | 63°30 | 64°38 | 64°42 
Francker...... 53 12|— § 31] -- 11 33°40 | 37°76 | 42°82 | 48°8q | 56°78 | 63°9r | 67°1a | 66°57 | 
Ghent ........ §I 3/— 343] -- | 33°80 35°96 | 42°08 | 49°82 | 60°80 | 65°66 | 65°66 | 67°64 | 
Hague........ 52 4/— 419] .. | 34°70 39°88 | 45°05 | §1°r3 | §7°20 | 63°05 | 66°43 | 67-10; 
Haarlem ...... $2 23/— 4 39] ++ | 34°32 | 37°29 40°82 | 47°62 | 55°06 | 59°68 | 62°82 | 63°28 
Leuwarden §3 121— § 50] .. | 32° go | 32°68 | 43°25 | 48°43 | 57°65 | 61°25 | 66:20 | 66°83 
Leyden ...... 5% 91— 429] -- |. 33°97 | 36°52 | 39°89 | 46°28 | 54°16 | 61°00 | 63°87 | 63°29 
Lovain cece eens 50 53/— 4 42 32°18 | 34°70 | 40°82 | 47°12 | 56°66 | 63°14 | 63°86 | 64-76 
Liege ........ 50 39|— § 32 37°40 1 41°54 | 43°70 | 50°90 159° =. | 63°68 | 67°82 | 66°56 | 
Maestrich §0 §1\— § 41 ; 35°72 | 36°03 | 41°83 | 50°41 | 57°99 | 63°05 | 66°11 , 64-27 
Mechlin ......)§1 o2/— 4 29 - ee - -_ oe oe - oe 
Middelburg ../51 30/— 3 30 36°86 | 36°64 | 37°83 1 47°14 | 57°94 | 62°49 | 65°41 | Garr 
Rotterdam ..../§1 56{/— 4 29 | .- |! 35°66 | 39°20 | 43°25 | 50° 56°75 | 63°50 | 66°20 | 65°75 
Schiedam ..../ 51 §5|— 4 24 | «. | 34°90 | 36°86 | 41°37 | 47°29 | §4°53 | 59°50 | 62°47 | 62°35 
Sparendam ..../52 29/— 2 50} .- || 33°58 | 34°48 | 43°03 | 50°45 | 56°75 | 61°48 | 68°68 | 65°53 
Utrecht ...... 52 §$|— § 8] -- | 36°54 | 39°09 | 42°90 | 49°27 | 56°55 | 62°52 | 65°33 | 64°64 
Zwanenburg ..| 52 23/— 4 46] .. 134° 24 | 37°06 | 40°69 | 47°31 | 54°79 | 60°03 | 63°44 | 63°81 


a. Quetelet, Cl. de la Bel. 


10. GermANny.—Mean Temperature of 


Alistedt .......151 25 loan 24. | 600/| 37°81 | 36°77 | 37°52 | 50°99 | 58°75 64:29 | 67°35 66°04 — 


Alost ......... 50 56;— 4 1 | «+ |] 32°90 | 36°68 | 41°36 | 46°94 | 56°30 | 64-22 67°28 | 65°85 
Altenberg ..... 5° 45|—13 43 2320 |/ 23°85 | 29°48 | 33°22 | 43°48 | 54°28 | 58°73 | 61°03 | 59°74 
Altona........ 153 33i— 9 56| ~-- 11 34°23 | 37°90 14125 | 52°27 | 60°31 | 67°42 | 70°34 | 70°43 | 
Arnberg......- lag 27|—11 52 | 1131 || 28°85 | 31°46 | 34°09 | 40°78 | 54°14 | 65722 | 65°28 | 56°86 
Amlishagen e+ | 1447 || 29°82 | 32°81 | 38°10 | 47°19 | 56°68 | Gros | 62°02 | 62°47 


St. Andex ..... 47 §8 |—11 12 2160] 29°37 | 33°32 | 38°03 | 48°04 | 58°96 | 65°08 67°71 | 66: 


Ansbach ...... 49 18 |—10 34 | 1194 || 27°32 | 29°46 | 38°35 | 47°23 | 54°32 | 59°70 63° O§ | 62°47 
Apenrade §§ 31-925 33 | 32°24 | 35°06 | 37°65 | garax | 52°36 | 58°80 | 62°74 | 62-26 
Arnstadt... 50 50|—x1 37 


900 || 30°36 | 30°22 | 39°02 | 49°57 | 7°49 | 63°12 | 67°03 es" 53 
* French Feet. a. Schon. b. Lamont, A 


:1> Month, each Season, and the whole Year. [9} 


° ° 
| 50°r3 | 40°53 | 35°53 || 33°44 49°35 | 64°76 | 49°69 | 49°30 
"OK | 37°42 | 3101 |/ 29°95 | 46°24 | Gogr | 46°78 | 45°97 
31°08 alee 27°94 | 28°38 | 43°03 | 31°23 | 30°15 


soo5 


:' 50°48 | 41°63 | 31°77 || 32°18 | s0°G9 


7 a o- ns ee 
>$ 145741 | 36°64 | 30°63 || 28°46 | 46°69 
--6 | 53°89 143°77 | 34°86 || 34°04 | 52°23 
18°70 || 17°53 26°28 
31°91 || 32°82 | 48°50 
53°22 | 45°54 | 36°32 | 36°88 | sxx | 66°86 | 53°22 | 52°07 | 


b |] 3x°17 | 23°07 
U 
- 9 
- @ | 52°48 | 42°58 | 36°05 || 35°68 | 50°08 | 66°50 | 52°07 | 51°08 
a) 
6 


~ 
\e)] 
wa 
a 
wa 
e ¢ > 
wv 
wm 
wa 
we 
“i 
-e 


49°57 | 40°12 


, 52°66 | 39°94 : 36°57 | 34°01 | 4648 | 67°52 | 51°54 | 49°89 
53°38 | 40°20 | 38°30 |/ 35°90 | 50°49 | 65°75 | Sr°or | 50°79 | 35°21 
© [49°93 | 39°09 | 30°24 || 30°54 | 48°56 | 64°25 | 49°03 | 48°69 | 38°43 


e. Cotte. d. Bib. Univ. 


i 

a 

(o> 

on 

00 

rN 

ed 

70 s.)6h66 

om a 

oe 

y 

ye) 

si 

0 
RORS ROS OD 


“| BeLerum. 


28°76 | 


gx 14 lar "92 3638 | Er 63 | 48°19 | 64°39 | sr°22 | 49°86 | 32°15 12 |74,2,10, red. 
29 7,1, 10, red. 


36 lagt1g | 4reor | 35719 35 93 | 48°18 | 62°22 | 49°25 | 48°65 | 30°52 | 27°29 D. 
97, 50°52 | 43°16 | 37°36 35°06 | 49°66 | 62°87 | 51°22 | 49°71 | 34°34 | 27°82 |: 2 i D. 
89 | att 76 | 43°75 | 39°38 || 38°01 | 49°04 | 64°04 | 51°60 | 50°68 | 29°13 | 26°63 | dail. extr... ia. 

17 $3°99 | 43°43 | 38°39 || 36°52 | 49°50 | 65°86 | 52°80 | 51°27 | 33°71 | 29°34 | 13 6, rr ove D 

l 10, red.'D. 

98 sor00 | 41°90 | 36°14 || 35°30 | 50°90 | 66°32 | 50°96 | 50°87 | 33°84 | 31°02 6 jdail. extr...|D. 

70 §4°05 | 43°93 | 40°10 || 38°23 | 51°23 | 65°53 | 53°23 | §2°03 | 32°40 | 27°30 || 8 |7-8, 2, 6, 10/6. 


§1°09 | 49°37 | 28°96 | 25°32 || 53 |82, 10, red. »- 


39°86 | 51°20 | 66°02 | 53°60 


84 51°43 | 43°00 | 38°25 |, 36°62 | 47°83 | 61°93 

98 ° 46°40 | 45°50 | 41°90 exe 49°78 | 64°73 | 49°63 | 50° 34°20 | 28°95 | 3 jeeeeeee eee (d 
94 |49°9 42°75 | 37°98 [je6 46°74 | 62°72 | 50°54 | 49°04 | 29°90 | 26°56 || 19 {74, 12, fread D. 

red. 

28 (49°10 | 41°72 | 36°50 1 34°46 | 48*20 63°92 | 49°70 | 49°07 | 32°58 | 29°46 || 8 (dail. extr.../D. 
Bo 54°50 | 45°50 I 52°67 | 30°42 | 26°26 || 4h 19,9 ----.- D. 
“IN §3°32 | 45°57 a7 99 ee o- es an 16 19,9 .--(D. 
. -_ we os e. - we .. - 2. TO Joven ceeeeel@ 
63 | 50°74 |4r°rx 31°17 sa 47°64 | 64702 | 53°16 | 49°43 | 34°24 [29°13 || 4 171259 ---6- Ie. 
"70 | §2°25 | 42°90 | 36°05 pe | §0° 65°15 | §r°95 | 51°02 | 30°54 | 28°18 Ce Coe b. 
45 53°65 | 44°06 | 39°St || 37°99 | 47°73 | 61°44 | 53°39 | 49°47 | 27°57 | 24°35 || 25 8, 2 5, red. |D. 
65 | 47°30 |45°95 aH y 28 | 50°08 | 65°23 | 50°30 | 50°47 | 35°10 [28°95 || 4 few ce cence ld. 
r36 | srros | 42°25 aH 38°44 1 49°57 | 64°16 | 51°22 | 50°85 | 28°79 | 25°72 | ar 7,12, 11, vred.|D. 
r67 | 51°38 | 42°91 | 37°81 | 36 37 | 47°60 62°43 | 51°32 |49°4 | 29°57 | 26°06 | 92 red ...... D. 
~ 6. Cotte. ¢, Schon. 


ich Month, each Season, and the whole Year. 


65°89 | §2°07 | 51°53 | 30°58 | 26°78 I 
65°77 | 50°54 | 49°89 | 34°38 | 30°77 || 6 
44°17 | 43°77 | 37°18 | 32°40 5, 9, 12, 3 
3 
Z 


50°92 | 43°77 | 42°78 | 39 "1 | 49 08 
50° 42°80 | 35°60 |! 35°06 | 48°20 


"B4 1 46°15 | 33°55 | 28°96 || 27°43 | 43°66 | 59°83 

"18 [53°51 | 42°91 | 39°29 || 37°23 | 52°38 | 69°40 | 53°20 | §2°75 | 36°20 | 32°27 I2ecceeens 

. 46°04, ' 37°63 | 29°16 | 29°82 | 43°00 62°42 | -- | 36°43 | 32°60 ' TO, feeaces D 
"13 | 47°35 40°66 34°52 | garg8 47°32 | 61°84 | 48°38 | 47°48 | 32°65 (29°46 | 6 |7,2,9 ----|D 
Bo | 48°92 | 37°18 | 29°73 |! 30°13 | 48°34 | 66°27 | 48°97 | 48°43 38°34 13614 | 8 |7,2,9 ----a 
"10 | 47°62 | 37"49 34°16 || 30°31 | 46°63 | 61°75 | 47°03 | 46°43 | 35°73 | 31°44 | +3 jred ...-.- 

"73 48 27 | 40°30 | 33°10 || 33°44 | 44°71 63°27 | 48°43 | 46°96 | 30°60 27°33 | 9 es we ceee D 
33 | 49°75 38° 30 | 34°18 || 33°59 48'70 | 65°23 48°79 | 48°58 | 36°81 1 33°64 10 6(18,2,8 ....le 


“Ten 1842. e. Kastn. Arch. h. MSS. 


[ Dove. } GERMANY (continued).-~Mean Tempera 


| Lat. | Long. W. | Elev. || Jan. | Feb. | March.| April. | May. | June. | July. 
° e 


Arolsen ...... 53 23 — 8 57 
Augsburg ...- +148 21|—10 §3]| 1470 


Brzeznitz ...-|49 34|— 9 17| 1422 


Coburg ...... 50 15| 10 §8/ 1583 || 28°92 | 32°14 | 35°15 | 45°05 | 54°82 | 61°50 | 63°75 
Cuxhaven §3 211— 8 43 31°35 | 34°05 | 37°00 | 45°30 | 53°69 | 59°25 | 63°59 
Danzig ....... 54 20| —18 41 27°45 | 30°78 | 35°24 | 43°42 | 52°07 | 59°27 | 63°59 
Deutschbrod. ../ 49 36] —17 55] 1240 || 24°75 | 28°62 | 35°92 | 45°39 | 54°75 | 61°54 | 64°15 
Dillingen ..../ 48 35) 10 30/| 1344 || 26°98 | 29°39 | 39°49 | 47°82 | 56°44 | 60°76 | 65°21 


Dresden ...... 5t 31 —13 44] 366 |] 29°19 | 33°32 | 39°92 | 49°60 | 58°33 | 65°27 | 67°48 


Kisenach...... 5° 59/10 20} 635 || 36°10 | 36°19 | 34°39 | 51°27 | 57°70 | 62°29 | 66°63 
Elbing........ 54 9|—~19 26 26°57 129°S§ [35°12 | 44°44 | $4°82 | 61°45 | 63°93 
Emden ....-.|53 22)— 7 12] .- | 44°41 33°37 4 37°69 | 50°86 | 55°24 | 59°74 | 61°27 
Endingen ..-./48 15) — 8 50) 1596 || 33°73 | 33°06 | 39°74 | 42°53 | 56°82 | 64°96 | 69°58 
Erfart ...... +-150 59] —1r 2] 63511 29°39 | 33°55 | 37°74 | 47°68 | 57°79 | 64°06 | 67°03 
Frankenheim ..]-. -.| .. -.| «- 28-65 | 27°03 | 30°22 | 43°52 | §2°23 | 55°51 | 62°15 
Frankfort .....] 50 10] — 8 37) 3301| 31°46 | 36°68 | 41°54 | 49°10 | 57°74 | 63°50 | 66°07 
Frauenau .... 49 O|—13 20{ .- 27°16 ‘ 0°27 | 48°20 | 58°78 7°43 62°87 
Freudenstadt.../ 48 28) — 8 26 | 2244 || 27°72 eg 28 38°03 49°93 arae 63°52 
Freysing ...... 48 24) —11 45 | 1357 | 26°67 | 26°80 | 32°77 | 42°89 | 54°41 | 62°83 | 63°79 
Friedrichshafen 47 391— 9 28 1201 | 29°01 | 33°69 | 34°50 | 45‘or | 54°46 | 65°86 | 71°04 
Fulda . -] 5° 34/— 9 44| 838 25 68 | 2g°0x | 37°11 | 48°34 | 54°43 | 62°94 | 66°74 
Firstenfeldbriick| 48 312 | —11 14 | 1660 || 25°92 | 37°40 | 34°70 | 52°03 | 65°75 | 60°80 | 67°10 
Gabel ....... -| 50 40/—14 §0| -- | 28°15 | 27°18 | 26°64 | 40°53 | 48°63 | 58°62 | 57°52 
Genkingen « . -148 25|— 9 10 | 2400 || 24°62 | 30°96 | 34°97 | 43°88 | 53°76 55°85 60°24 
‘| Giengen ....../48 37] —10 15] 1444 || 25°09 29°t4 | 36°36 | 44°83 | 55°42 | 61°75 | 66°58 


Gorlitz ....+.151 9] —14 59| 640/| 12°69 | 21°42 | 36°64 | 43°07 | 55°15 | 63°22 | 63°21 


Gottingen ....]51 32/— 9 56| 412 ; 28°40 | 33°51 | 40°87 | 50°99 | 64°29 | 72°32 1 75°54 | 73°49 
Gotha ........|50 56] —10 44) 951|/24°73 | 31°26 | 38°91 | 48-22 | 58°24 | 64°83 69°82 | 65°98 
| ‘ 


* French Feet. a. Lamont, Annalen, 1843. 6. Buek, Cl. of Hamburg 


tT] 
of each Month, each Season, and the whole Year. ' [10] 


it. Oct. Nov. | Dec. || Winter.) Spring.| Sum. | Aut. 


6o"40 | 48°58 
66°20 | 51°04 
63°10 | 47°26 


.{D. 
17 | 46°76 | 37°94 61°61 | 46°72 18 17,1,9 -ID. 
#9 | 46°47 | 36°28 61°68 | 46°09 I |7,2,9 --+-|D. 
4 1 49°93 | 39°3! 64°56 | 49°23 24 dail. extr.../D. 
24 147°77 | 39°38 69°44 | 49°73 I 17,29 «---ID, 
30 1 47°93 | 41°79 62°65 | 49°35 71 2,9 +++-(D. 
20 | 43°43 | 32°29 59°11 | 42°98 8 jsunr. 2-3 -./D. 
25 {49°78 | 39°34 64°20 | 49°39 3 |sunr. 2, 9..{D. 
a . . . sunr. 24 
39 c 68 | 36°23 61°21 | 46°78 ra{ suns...... Ap. 
64 | 46°29 | 33°53 61°43 | 45°48 6 (8, 12,10 .-|D 
18 | 51°08 | 45°77 65°71 | 53°34 3 |dail. extr.../D. 
7O | §0°13 | 39°33 63°30 | 48°99 a Se . 
76 | 37°92 | 27°59 47°64 | 37°42 2 oe -ID 
74 ; 50°74 | 41 66°83 | 50°50 1 |three times ./D 


6 |sunr. 2-3 ../D. 
10 (|sunr. 2-3../D. 
2 jsunr. 2-3../D. 


61°09 | 45°57 
62°15 | 46°38 
62°80 | 47°03 


07 '47°17 | 35°38 62°33 | 46°54 1 |red. 3 times |a. 
07 (48°74 | 41°43 60°96 | 49°08 2 17,2,9 -..-|D. 
Bo | 50°92 | 43°36 63°25 | 51°69 I 17) 2,9 ----|D. 
26 | 50°74. | 41°54 66°27 | 50°86 §2 17,259 ----\|D. 
18 | 52°25 | 43°54 62°20 | 51°67 r |8,2,10 ../D. 


62°87 | 46°69 
62°16 | 49°24 
61°92 | 47°06 
62°56 | 47°37 
63°11 | 47°67 


66°00 | 49°05 
65°62 | 52°15 
62°17 | 45°37 


Ir |6,9,12,3,6,9 |D. 
13 |three times |D. 
9 jsunr. 2-3 ..(D. 


76 | 48°76 | 42°73 64°64 | 50°75 r |8,2,8 ..../D. 
56 | 47°66 | 36°75 62°70 | 47°32 14 |6,2,9 .--.(D. 
16 | 53°06 | 42°22 60°37 | 50°81 r |8,2,12..-./D. 
88 | 49°44 | 36°57 67°32 | 48°63 3 175279 ++ ID. 
69 | 47°39 | 38°95 65°52 | 49°01 8 |7,2,9 ----le. 
10 | 44°33 | 35°96 59°20 | 45°46 r |8,2,8 ...-|D. 
41 | 49°24 40°96 65°10 49°87 ZO jeccceee oeeld. 


59°86 | 47°23 
61°18 | 48°95 
61°90 | 46°95 
69°91 | 47°76 
65°64 | 47°98 


64°18 | 48°20 
60°41 | 43°14 


98 | 44°69 | 37°56 58°65 | 44°74 7 |red. .....-le 
3§ | 46°04 | 37°96 63°62 | 46°78 II |7, 279 --+-(D 
28 [4510 | 33°60 6o'92 | 45°66 1 |7,2,9 ----ID 


73°78 | 52°99 


| 32°46 
66°88 | 49°11 


3r%7 29°05 


ce. Kaemtz. d. Schiibler. 


[ Dove. ] Germany (continued).—Mean Temperature « 


Hohenelb .... 
Hohenfurth 


Insbruck...... 
Iseny ...cee:- 
Jena wccccces 
Jever ....2c00| § 


Kremsminster . 


Krokow ...... 
Kuttenplan .. -- 


Libotitz ......}.. «. 
Luneburg ...- 


Marienbad .... 


32°16 
21°22 
33°01 
37°52 


Mergentheim .. 
Muhlhausen .. 


—%4 14 | 1474 


Neustrelitz .... —13 3] 300 
Niederalttaich . —13 0| .. 
Oberstetten....|.. ..]| .. .. | 1076 
Oberwiesenthal —12 §8 | 2780 

Oebringen — 9 33 | 722 
Passau........ —13 27 | 869 

Peissenberg —IIr 2 | 3015 30°78 
Perleberg —II 21 | « 32°50 
St. Peter...... —15 38 | 2500 26°08 
Phullingen .... — 9 13 | 1311 31°53 
Pileen ......0. —13 23] 880 28°06 


French Feet. a. Berghaus. 


ch Month, each Season, and the whole. Year. 


° 
23°02 


27°57 
37°47 
3 3332 


33°78 


36°70 
33°73 
20'07 
32°45 
29°12 
27°$7 


33°40 
38°55 
29°93 
41°08 
33°55 
36°48 


27°97 
29°64 
27°14 
31°78 
29°50 
30°20 


19°62 
36°43 
32°92 
29°23 
32°50 
29°84 
16°41 
33°96 
34°57 
3r°93 
34°84 
13°84 


33°55 
34°57 
34°90 
37°09 
34°39 
31°48 


34°63 
32°20 
35°17 
28°62 
33°71 
32°20 
31°12 
35°08 
27°34 
31°91 
3r°59 


a. Schibler. 


Jf. Koller. 


g. Schon. 


“> 


VERS dy 


8 
+{ 3s 5» 1D. 
B17) 5 eecees a. 
8 6, 2,9 AR. 
1 jred. ......{d. 
7% |true noon. .|D. 
18 |$[28-++2]..Ie. 
14 (9, 24,9----|D. 
II /10, 4 -|D. 
ZY jeecccoeeosiD, 
7 1712,9----!D. 
19 jsunr. 2-3../D. 
15 jatnr. 2-3..(D. 
7 |7>%9 -++-(D. 
r /8, 2, JAD. 
55) 4p 2 ee eee ID. 
Ir 17,2, 9---.|D. 
19 6({8, 2, vee. 
94 [9 --.-.0. -/D. 
4 |sunr. 2, 3../D. 
3. 17) § «+e0-./D. 
24 17, 2,9 ---01e 
1 jred, 5 timesia. 
13 Jaunr. 2-3 .../D. 
20 |red. ....061f, 
Xr |8,12,2,6,10./D. 
I jsunr. 2-3 . 
I 0 wee ee (D. 
m8 {sunr. 2-3 . 
44 |9, 12, 3 
9 jsunr. 2-3 
i jsunr. 2-3 
6 17,2,9 -«- 
IZ frweeee ee 
8 171249 -06 
Ir 17, 1,9 
D sunf. 2-3 
44 |7,2,9 -- 
x jhourly... 
25. (6, 14,9 
10$ |6, 2, 10 . 
I ad. res | 
2 MOODeccces es 
5 ]8,12,2,6, rola 
I 17, 2,9 -«-- 
6 17,2,9 -+-- 
Lee Le oe 
7 17) 259 eee 
2 18,1,10.... 


x 8, 12, a, 6 R 
5 20, red... . 


: 
9 


7s 219 oe 


sunr. 2-3 . 


Ts 21 Q eee 
sunr. 2-3 .. 


h. MSS. 


a 


[ Dove. ] GERMANY (continued).—Mean Temperatu 


Lat. N.| Long. W. | Elev. - | Feb. | March.| April. | May. | June. | July. 

° f ° ° ° ° ° ° ° e 
Plan ......++|49 §0| —12 50] .-. 39°88 | 40°03 | 45°26 | 60°69 | 67°51 | 68°47 
Prague ...... 50 §| —16 46 . 31°39 | 40°87 | §2°61 | 6ot4q | 65°95 | 69°62 
Prenzlau ...... 53 20| 13 59 "59 | 35°76 | 38°34 | 45°40 | 57°58 | 63°54 | 66°32 
Ravensburg --|47 47|— 9 37 29°97 | 30°65 | 49°10 | 53°58 [59° | 67°55 
Rechenberg ..|-- .- ee 27°79 | 43°52 | 43°66 | so°g0 | 61°48 | 64"90 
Regensburg --/49 1|—11 56 31°66 | 38°12 | 49°55 | sgrx1 | 62°67 | 65°95 
Rehberg ..----|49 6! —13 27| -- 26°80 | 33°69 | 41°02 | 50°34 | 56°98 | 59°41 
Riedlingen ....|48 10| —~ 9 30 "32 | 26°26 | 41°95 | 48°63 | 61°57 | 63°37 | 64°27 
Rinteln ......)§2 11; — 9 58] -- 34°39 | 38°98 1 49°06 | sst45 | 63°50 | 64°65 
Rossfeld ...... 49 8|—10 5 29°32 | 35°89 | 43°07 | §5°09 | 60°64 | 64°42 
Rotenhaus ....| 50 31] —15 47 28°08 | 37°40 | 46°58 | 56°03 | 62°76 | 66°02 
Rott .......-147 §7| —12 10 87 | 35°60 | 32°43 | 53°15 | 65°75 | 62°94 oo 4s 
Rumburg -.--|50 57} —14 33 "89 | 24°75 | 37°60 | 46°33 | 54°59 | 61°00 | 65-2 
Saaz ........ §0 20| —15 §2 "88 | 31°14 | 39°54 | 47°80 | 57°85 | 62°85 | 67°15 
Sagan ........ §1 42|—15 40] -- "az | 26°72 | 32°83 | 45°66 | se°2q | 63°43 | 65°98 
Salzufien ...-|52 5)/— 8 40} -- "92 | 35°60 | 40°69 | 47°66 | 55'8x | 62°38 | 64rsg 
Schevern ..../48 30] —11 27] - 39°65 | 35°60 | 52°25 | 62-60 | 6o's8 | 66°65 
Schluckenau ..|51 1/14 27 "54. | 30°11 | 36°07 | 46°36 | 55°87 | 6a'r1 | 64°99 


27°95 | 30°99 | 45°86 | 55°35 | 56°62 | 63°19 


Schondorf ....)5z 41{—11 
42°25 | 39°85 | 48°28 | 58°37 | 64°00 | 67°12 


Schonthal ..../49 21} — 9 


Schossl ......| §0 27] —13 
Schopfloch ....|.. .. we oe 
Schussenried ../48 1/— 9 

Schiittenitz....| 50 33} —14 
Schiittenhofen .| 51 1| —16 


28°80 | 29°37 | 41°63 | 53°49 | 62°31 | 63°39 
33°57 | 34°05 | 45°59 | 49°69 | 56°72 | §7°22 
30°38 | 37.02 [44°11 | 55°81 | 60°13 | 65°43 
29°50 | 39°22 | 49°28 | 58°39 | 64°67 | 67°72 
34°09 | 38°19 [45°95 | 55°33 | 59°68 | 62°94 


3°89 | 35°85 | 44°22 | 53°29 | 61°32 | 62°67 
30°33 | 35°78 | 41°59 | 55°13 | 61°52 | 63°75 
29°57 | 38°05 | 46°81 | 57°22 | 63°30 | 65"0 
28°69 | 36°19 | 45°79 | 55°29 | 62°44 | 65°4 
27°41 | 35°06 | 44°06 | 56:41 | 62°77 | 64°04 


Schwenningen ./48 4); — 8 
Seelau ...... 49 32/—17 


32°13 | 38°57 | 42°96 | 58°82 1 63°79 | 66°34 
29°48 | 35°44 |45°40 | 54°6x | 61°88 | 63°93 
35°35 | 40°96 | 49°28 | 58°71 | 62°87 | 66°20 
26°04 | 37°09 | 46°63 | 54°84 | 61°75 | 67°37 


28°06 | 35°85 | 46°18 | s5*g99 | 63°12 | 66°63 
34°48 | 34°68 | 50°95 | 57°90 | 62°6g | 66'92 
30°24 | 32°72 | 43°43 | 52°70 | 58°60 | 62°92 
27°07 | 34°75 | 43°79 | 50°88 | 56°48 | Go"44 
29°32 | 37°69 147°35 | 57°18 | 64°13 | 67°12 


Stralsund ....|/ 54 19] 13 


Stuttgard ..../48 46|— 9 
Swinemiinde ../ 53 54] —14 


Thorn ........ 53 11 —18 32°72 | 32°18 | 47°30 | 54°32 | 59°54 | 62°96 
Tilsit ......+. $5 §| 23 45 °32 (25°92 | 32°23 | 42°51 | 53°zx | 60°80 | 63°50 
Trient ........ 46 41] 11 . 37°83 | 46°38 | 53°60 | 60°82 | 68°72 | 75°76 
Treves......+./49 46| — 6 35°89 | 40°46 | 46°67 | 57°70 | 61°59 | 65°19 
Triest ........ 45 38| —13 46] .. "26 1 39°45 | 44°87 | §2°93 | 63°28 | 69°04 | 72°61 
pepingen -[48 31) — 9 "76 | 32°36 | 39°38 | 47°66 | 55°58 6or62 64°04 

cece © 23] —17 26°13 | 35°58 | 41.05 | 50°50 | 60°19 | 61°93 


30°63 | 36°73 | 43-05 | 54°46 | 61°54 | 63°46 |61'43 


* French Feet. a. Berghaus. &. Schon. ce. Schi 


ach Month, each Season, and the whole Year. 
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2° 
39°99 
39°92 
37°40 
43°20 
37°42 


37°06 
34°68 
36°73 
40°57 
47°18 


35°44 
38°19 
33°46 
37°54 
35°26 


40°06 
38°98 
37°02 
39°00 
40°35 


36°55 
37°76 
37°51 
37°99 
40°66 


38°01 
36°91 
37°36 
37°36 
37°67 


40°24 
38°70 
40°96 
38°73 


36°75 
41°34 
36°07 
35°O2 
38°80 


40°28 
34°93 
42°10 
42°89 


47°62 
35°24 
33°35 
40°28 


d. Schouw, Cl. de I’Ital. 


. | Oct. Nov. | Dec. e Spring.| Sum. | Aut. 
I 


COmin se HA Bwrdd 


ye) + com PD, 


10 


> 
> 
s] 
See SyerS SoPEP 


unr. 2~3 ../D 


74, 14, 94--|D. 


7,239 -++-|D. 
red. ...-+./D. 
7,2, 9, red. |D. 
8,12,2,6,10 ID. 


16 jsunr. 2-3 ../D. 
xr |8, 12,2, 10 |D. 
ooo! B 

iI D. 
13 ID. 
en)’: re a, 
20 -jD. 
2 17,6 soceee D. 
9 Cc. 
15 «| d. 
le 

1D. 

ID. 


GERMANY (continued).—Mean Temperature 


[ Dove. ] 

/ Lat. N.| Long. W. | Elev. || Jan. 

; o 1 [Fr Ft. o 

Uffenheim 149 34) —10 15] -. || 32°30 
Ulm ......6- 48 23/—10 ©O| 465 //27°75 
Wangen ...... 48 46|— 9 15] 832// 31°03 
Wangen (Altgau)' 47 42} — 9 50| 1703 || 26°15 
Poln.Wartenberg 51 19| —17 41 $30, 25°54 
Wartburg ...-|50 58| —10 18 mre 33°53 
Weimar ......|50 59|—11 20| 650/| 37°60 
Weingarten .-|47 48) — 9 39) 1453 || 34°36 
Weinsberg .---|49 9|—~ 9 18 674 32°05 
Welzheim ....148 53/— 9 38 1537! 28°02 
Wesenstein....| 50 56! —13 53| 513 | 26°37 
Vienna ...... 48 13; —16 23 5°) 29°28 
Winnenden....|48 42|— 9 23] 899 ; 28°89 
Wriezen ...... 52 43/—14 8) .- 125°48 
Wiirzburg ....|49 48; — 9 56] 525 | 32°50 
Westheim ....1/49 7/— 9 50/1155 || 30°78 
Zapplau ..--+./51 40) —16 30) 351) 31°44 
Zbirow ...... 49 52| —13 46| 1520 ,, 23°88 
Zittau ........ 5° 54| —14 48] 770)/ 25°83 
Zlonitz ...... 50 17; —14 6 576 || 25°74 


June. 


°o 
62°56 
63°05 
63°37 


62°96 
61°79 
60°67 


63°97 
63°50 
64°72 


62°85 
64°38 
67°48 
63°32 
61°45 
66°81 
64°00 


62°94 
58°98 
61°05 
63°23 


July. 


65°08 
63°88 
65°12 


63°82 


64°90 | 


65°05 


68°23 
68°79 
65°75 
63°10 
67°06 
79°75 


64°99 


64°67 , 
68°29 ° 


67°06 = 65°17 


Cagliari 
Camajore 


Cascina ...... 


Mont Cenis.... 
Chambery .. . 


15°64 
33°89 

700 || 40°73 
33°82 

272 | 35°76 
470 || 36°43 
310 || 48°47 
oe || 42°87 
474 

60 || 49°28 
6000 || 19°76 
-- (125°34 
822 || 30°94 
e. || 37°40 
-» || 38°34 
oe || 37°18 
54°) 35°92 
220 || 41°20 
“+ 46°74 
-- || 42°00 
138 || 46°54 
:+ || 46'99 
co 11 39°25 
~- | §q°ar 
720 || 33°22 
ce 1 33°17 


51°62 
44°47 
44°87 


54°28 
29°88 
24°98 
36°79 


37°63 
40°%7 
38°75 
38°75 


44°58 
48°58 
4107 
49°48 
50°25 
42°04 
§4°2 I 
33°30 
38°35 


65°75 
63°32 
63°50 


71°67 
g2°21 
46°58 
59°70 


64°40 
63°01 
65°30 
55°9° 
65°41 
67°26 
54°55 


65°98 
68°65 
67°21 
64°09 
63°68 


70°72 
68°27 
69°94 


78°96 
§5°06 
517i 
63°86 


70°25 
70°16 
71°83 
62°02 


737 
71°87 
68°09 
66°70 
9141 
7322 
73 87 
70°68 
70°45 


“ 

ad 
LA 
wn 


“ 
“ 
> 

° 


~~ 

ad 

wa 
an 


ch Month, each Season, and the whole Year. [18] 


| ; Dif. Diff. | No.of} H f 
7 Spring.| Sum. | Aut. | Year. H. & cc. | Sa W | Years. ot vation 
| ce] +] ° ‘ 9 °o ° o | 3 ce] ° | | 
2 149°5§ | 40°48 | 35°51 | 33°49 | 51°29 | 64°29 | 50°38 | 49°86 | 33°93 | 30°80 || 2 red. ....../@, 
3 1 46°40 © 39°27 | 31°10 | 29°32 | 47°62 | 63°70 | 47°60 | 47°06 | 36°43 | 34°38 || 4 |7,2,9 


1 48°09 40°21 | 32°00 | 32°27 | 47°91 | 64°47 | 48°83 | 48°38 | 34°09 . 32°20 | 11 17,4, 9... 


3 . 
30°76 | 27°45 || 40. [sunr. 2, red. d. 


44°04 | 56°46 | 71°49 
§9°18 | 58°17 | 32°61 | 28-27 || 8 jsunr. r},1ed.'d. 


44°35 | 56°66 | 72°52 
17 | 69°96 | 59°68 | 54°97 || 52°84 | 62°87 | 84°58 
we ee oe 42°SI | 57°04 


"9 , 39°65 | 33°04 | 26°94 || 25°74 | 38°17 | 53°83 
IT | §2°OS | 42°78 | 38°01 || 35°24 | 52°12 | 66°43 


1 , §8°62 | So°g2 | 44°78 
(9 1 59°77 | 50°56 | 46'42 


© 49°35 | 38°26 | 30°94 |, 29°01 | 46°13 63-64 [48-49 | 46-85 | 37°98 | 34°63 || 10 '7, 2,9 
4 47°34 [37°78 | 30°92 | 28°56 46°67 | 63°50 (47°41 | 46°54 39°36 | 34°94 |} 15 |7,2, 10 ..| 
12 48°02 | 40°46 | 38°46 |, | 34°81 4% 63°07 | 49°03 48°40 | 32°58 28°26 | x /8, 2,8 | 
3 49°89 44°08 | 40°37 |, 37°63 | 48'54 | 66°36 | 51°96 | 53°23 33°33 28-73 |, 1 8, 2,8 
© 45°84 | 30°54 | 27°27 | 34°72 | 46°58 65°80 45’or 47°28 41°52 ' 34°09 |' 2 7,249 ++. 
© | 49°84 | 42°82 | 33°33 | 33°26 | 51°44 [66:07 , Srrox | sorgs | 35°68 32°81 | 4 '7,2, 9 

( | | 
'6 ' 50°59 | 40°39 | 36°32 | 31°68 47°32 | 62°40 | 50 "rx | 47°89 | 35°08 | 30°72 | 1 |7,2,9 
2 §4°50 ‘41°41 , 35°02 31°86 | 51°78 66°52 53°78 | 50°47 | 41°36 34°66 | 3 'IDeeceneee(D 
WO §1°22 40°35 | 33°04 37°95 51°60 | 69°40 | 51°96 | $1°03 43°47 37°45 60 8, 3, 10... 
36 ' 48°94 41°45 32°88 1 31°44 48°43 64°19 49°98 48°51 36°10 ' 42°75 \ 8 \79 2,9 ---- 1D 
6 48°60 ' 37°90 | 32°29 |' 29°49 | 47°20 | 63°28 47°59 | 46°89 | 39°19 | 33°79 | - 8 times, red.'c. 
13 SHOX | 39°47 | 33°St |: 33°56 | 52°62 | 67°39 | Sc°57 | 50°79 | 35°79 | 33°83 || 20 7, 2,9 ---.'D. 
4 47°44 1 37°92 | 31°37 | 31°89 | 46°58 [65°42 (47°39 | 47°82 | 36°28 | 33°52 ee eer D. 
58 | 53°38 43°25 | 38°46 || 35°08 | 47°75 | 65°93 |52°99 | sovas | 36°56 | 30°85 || xr 7,49. +. 
bo | 46°47 | 34°34 | 34°39 | 28°24 | 45°32 | 61°59 (45°86 | 45°25 | 39°35 | 33°35 || 3 |sunr. 2-3. 
53 | 482g | 36°ox | 30°51 | 28°87 44°11 | 61°63 | 46°94 | 45°39 | 37°C9 | 32°76 | 10 |g, 11,3-- 'p. 
13 | 50°50 | 39°13 | 34°79 30°22 | 48°85 | 65°50 49°69 | 48°56 | 41°09 35°18 6 sunr. 2-3 ..\D. 
s- Weimar. ec. Bergh. MSS. 
ALY. 
So | 30°18 [23°62 | 18'45 | 16°48 ; ° . ° . | 37 || @ jred. ...... 
S71 §3°17 | 44°92 | 37°94 || 36°21 | 55° ; 
(6 | 59°99 | 49°35 | 41°68 | 41°74 
»§ | 54°88 42°04 | 37°87 || 36°25 ° , . . ° id. 
$1 1 59°50 | 47°80 | 39°22 || 38°35 
tO 1 59°79 | 47°39 | 40°06 || 39°29 
16 ' 66°49 | 58°64 | 53°04 || S1°0q | 58°20 | 74°87 29°16 | 23°83 || 3 |----cceeee 


69°44 67" “4 38°97 | 31°74 || 3. |red. ...... d, 
- ~- | 39°17 -. {m.12,4, red. ‘ 

41°83 39° go 30°15 | 28°09 3 [ecsceee eee 

§2°14 | 53°49 | 37°78 | 3r°19 g dail. extr...|D. 


53 | 63°25 | 43°03 | 45°73 || 40°26 | 55°33 | 71°89 | 56° . ° "47 || 2 [eceeee . 

% | 58°60 | 49°39 | 41°34 || 39°94 | 54°05 | 72°86 | 59° ie oo 
bo ! 70°2§ | 50°00 | 39°65 | 38°53 | 54°35 | 73°63 . ; 
pt | §6°66 | 46°24 | 35°29 || 36°65 | 50°83 | 67°76 


43°77 | 58°54 | 74°67 


1§ | 60°40 | 50°34 | 45°52 " 
47°33 | §8°81 | 75°08 . . te ow on oe 


15 | 62°26 | 3°71 | 46°67 ld. 
7 | 54°68 | 47°98 | 45°59 | 42°55 | 51°55 | 72°15 56°91 55°54 | 32°70 | 28°60 || 7 [eee e eens d. 

. sunr.12 | 3) 
+ 73°57 +{ suns. “hE 


63°55 | 61°98 | 29°85 | 25°18 || 2°5 |g, 12, 8, 2--/d. 


49°78 59" 6s 74°96 
59°60 | 58°82 | 37°12 | 34°10 || 36 /8,2, red. ld. 


40°28 | 61°00 | 74°38 


53 | 66-04 | 53°98 | 52°09 
55 | 62°38 | 49°78 | 39°56 | 


54 | 69 42 | 62°67 | 56°48 || 54°97 | 61°48 | 77°24 | Gg°21 | 65°70 | 24°88 | 22°17 || 5 |12,Kred..... d. 
17 | 56°95 | 47°08 | 36°57 || 36°03 | 54°88 | 73°00 . 
$5 | 56°28 | 44°96 | 36°68 || 36°07 | 54°88 | 72°80 ° . . , red. ...... D 


[ Dove. ] ITALY (continued).—Mean Temperature of 


June. | July. 


May. 


0 Rte ° ° ° ° ° ° 9 
Naples ...... —14 15| -. | 46°24. 1 47°59 | 51°15 | 56°68 | 64°85 70°77 | 76°r0 
Nicolosi ...... —15 6/2175 ,| §0°41 | sov18 | §7°00 | 59°45 | 69°06 | 72°82 | 80°83 
Nice ........ — 7 6 bo 44 47 47°55 | 50°65 | 54°84 | 62°29 | 68°56 | 73°00 
Padua..... 35°62 . 54°41 | 64°00 | 70°41 | 74°53 
Palermo ....../38 7 os || 51°42 §8°35 | 64°81 | 7x15 | 75°72 


55°33 | 64°90 | 70°57 | 75°58 
§7°00 | 65°55 | 69°98 | 74°89 
67°81 | 65°26 | 73°32 | 75°97 


— 6 56) 2701! 32°79 | 37°45 | 46°60 
—10 24} 170 | 42°33 | 46°38 | 50°88 
160 |] 45°03 


Sacile ........ «+ 11 35°69 §3°3 | §9°09 | 67°28 | 70°72 | 71°62 6 
Siena ...... — 11 20; 1071 || 39°94 | 42°37 | 46°20 | 54°55 | 62°38 | 67°53 | 72°82 | 72°82 -¢ 
Soglio....... — 9 32) 3400 || 29°79 | 33°60 | go°r0 | 47°30 | 52°99 | 56°95 | 63°59 | 61°81 5 
Tolmezzo ... 3) +. || 28°76 "25 | 48°49 | 59°36 | 66°74 | 6o°22 | 68°77 § 


Trente........ 31°48 51°82 | 63°39 | 69°44 | 72°82 | 72°14 6 
Turin ........ — 74! 857. 30°90 | 36°30 | 44°56 | 52°63 | 64° 68°45 | 72°91 | 73°18 6 
Udine .. 31°50 56°75 | 69°98 | 73°40 | 82°40 [81°77 7 
Venice ...... 35°29 54°73 | 63°29 | 70°39 | 75°07 | 73°72 6 
Verona ...... Oo} +. |] 37°rr | 42°72 | 50°27 | 5o°xq | 68°88 | 74°26 | 79°18 | 78°78 : 
Vicenza ~+ |] 30°60 | 32° §7°20 | 66°29 | 72°91 | 75°70 {71°65 6 


a. Schouw, Clim. d’Italie. 


12. SPAIN am 


715! 
75°20 | 83°12 
76°46 


Oran ......20135 50/4 © 
Tunis esaaeeeceos 36 48 —10 II 
Canea........ 35 29|—24 0 


74°59 
71°24 | 77°36 
. 66°11 


ec. K 


AUSTRIAN . 


23 33 ° 
Klausenburg .-/ 46 44/—23 31 66°31 | 5 
Ofen ........ 47 29/—19 3 66°34 1 5 
Krakow ..... *]50 4/—1I9 52 65°77 15 


: Month, each Season, and the whole Year. [14] 


pt. | Oct Nov | Dee mm Spring.| Sum. | Aut. | Year. Bec. pitt | No.of oe 

! a | (OS (NR IS SY SS SEES 
a ° ° e | ° | | c°] | o | | 
35 61°93 | §3°12 | 49°t2 | 47°65 | 57°56 | 74°38 | 61°46 60°26 | 30°02 | 26°73 | 13 wane a....D. 
"54 «64°94 | §8°37 | §3°20 | 51°24 61°84 | 78°59 |8s 2 64°32 | 32°02 | 27°35 6 red. ...... a 
"19 '61°Sg | 53°78 | 46°96 | 46°33 | 55°92 | 71°83 61 52 58°90 | 29°45 | 25°50 | 18 8,8 eee ee D 
04 56°19 [45°95 | 38°44 | 37°49 | 54°59 | 72°59 y 05 | 55°18 : 38°91 | 35°10 || 34 ‘sunr. max. /D 


| 
64 67°01 | 59°14 | 54°73 | 52°50 , 59°05 | 74°41 | 66°36 | 63°08 | 25°02 | 21°91 || 39 Ired. ....-. a. 


"10 56°43 43°16 | 37°76 | 36°01 | 55°60 | 73°81 55°56 | 55°24 | 42°79 | 37°80 7 |sunr. 2-3 --/D. 
"rr 61°34 [ 51°9X | 45°77 | 44°83 57°81 | 73°76 61°45 | 59°45 | 34°06 | 28°93 || 3 web 
o7 {64°81 | 53°38 | 47°80 | 46°73 58°25 | 74°24 | 62°75 | 60'49 | 30°94 | 27°51 || 20 (7, 24,9 ..(D. 


57°56 | savas | 65°87 | s4't0 | ssrag [3593 [g2ar || 3, |.-eeeeeee 
86 ' 58°48 | 47°21 | 41°77 1 41°36 | 54°38 | 71°05 | 57°28 | 55°99 | 32°88 | 29°69 a dail. extr.. 

"64 .47°37 | 36 6% | 37°09 | 33°49 46°80 | 60°65 | 46°22 | 46°79 | 33°40 | 27°16 || 2 (8, 2, 9, red. a. 
‘ : ae 7X | 49°03 | 68°24 | 52°09 | 50°27 | 40°46 | 36°53 |] 5 ai 


"37° 55°51 | 43°72 | 38°35 | 35°85 | 53°16 | 71°47 | 55°53 | 54°00 | 41°34 | 35°62 || 3 wan iY 
136 + 54°46 | 42°58 ss'19" 33°46 | 53°73 | 71°51 | 53°80 | 53°13 | 42°28 | 38°05 30 ine. red. 

: 34°43 | 57°47 | 79°19 | 56°05 | 56°79 | s0°go | 44°76 5 leccecvcees a. 
27 56°66 | 44°65 | 39°92 | 38°06 | 54°76 | 73°06 | 55°86 | 55°44 | 39°78 | 35°00 || 7 |[sunr.+ 4 2, 
roy 60°87 147°95 | 39°32 | 39°38 | 59°43 | 77°42 | 59°53 | 58°96 | 42°07 | 38°03 |] 37 [sr 1-2, 9,2 
rgo | 63°32 | 43°61 | 36°50 | 33°03 | 55°5x | 73°42 | 58°62 | 55°14 1 45°10 | 40°99 || § [eee eee noes a. 


TT ee Sea 


b. Clark, Inf. of Climate. 


J\PoRTUGAL. 


r17 | 67°20 | 58°80 | 53°58 || 52°90 | 59°53 | 70°43 | 65°35 | 62°06 | 21°46 | 17°53 || +2) |22, 6, red. [D. 
83 | 67°38 | 62°08 | 58°37 || 57°93 | 66°25 | 77°82 | 67°76 | 67°44 | 21°83 | 19°8Q || 2 9 12,5 --{D. 
144. | 62°60 | 55°40 | 51°44 || 52°52 | 59°66 | 70°94 , " 5 7 


hoo | 56°48 | 47°84 | 42°6 | 43°16 | 55°64 | 76"40 
r 160" | §a°5 |49°8 || 49°33 | 55°73 | 63°83 
623 | 64°72 | 58°06 | 55°36 || 54°32 | 62°02 | 77°33 


mitz. 

DITERRANEAN. 

18 | 68°50 55°15 || §4°32 64°27 | 23°51 | 20°09 3% (dail. extr...|/D 

88 | 79°34 | 63°32 | 60°80 || 57°80 | 67°52 71°17 | 34°02 | 27°36 zr |12......--|D 

28 | 65°84 . 50°36 || 50°36 | 54° 62°95 | 38°16 | 29°46 a}? ee D 

97 | 66°70 | 58°06 | 53°37 || 51°89 | Gaexx 63°42 | 26°37 | 22°96 || 2 |........../D. 
24.171°06 | 62°78 | 58°28 | 55°76 | 64°94 68°77 | 33°48 | 27°24 || 3% {sunr. max. [D. 
80 | so°g2 | 43°36 | 27°72 || 30°87 | 49°80 48°90 | 38°39 | 32°38 | X17, 2 9-2-2 |e. 


rotz. 


OMINIONS. 


51°82 | 39°64 | 33°31 2 |8,2,10 ..|D, 
49°50 | 35°35 | 30°65 || 2 |7,2,9---.)D. 
47°48 | 41°53 | 38°09 || 9 19,9 «-++--/D 


47°09 | 43°09 | 38°87 204 gee} D 


94 | 52°75 | 37°58 | 34°23 || 38°32 | 50°95 | 69°63 | 5042 
72 1 51°53 | 36°03 | 32°88 | 35°55 | 47°83 | 66-20 | 48°43 
54 | 48°40 | 38°68 | 29°66 | 27°69 | 47°57 | 65°78 | 48°87 


00 147°54 | 36°21 | 29°48 || 27°19 | 47°55 | 66°06 | 47°58 


[ Dove. ]} 18. Orroman Empire, Pers1a, Ecypt.— Mean 


Feb. | March.| April. | May. | June. | Jaly. | J 


Abusheher . 64°04 | 67°28 | 74°30 | 82°94 | 89°78 [93°74 528 
Aitath...... -» | §3°62 | 57°80 | 64°89 | 69°70 | 75°04 71" 
Bagdad ....- 55°63 | 63°50 | 74°75 | 86°90 | 92°08 | 93°20 9 
Bassora ...... . -+  159°90 | 70°93 | 74°30 | 92°98 | 92°75 | _ -- 
Beirout ...... . §8°20 | 61°26 | 63°34 | 71°30 | 75°41 | Brg95 t 
"” re ees ee §9°34 | 61°70 | 63°50 | 69°06 | 75°58 Bore | 
Bebek.......- 45°23 | 49°99 | 52°64 | 61°68 | 7o°1g | 76°37 76] 
Bucharest ve 20°30 | 31°73 | 44°33 | 56°32 | 62°56 | 68°16 6 
Brussa........ . "46 | 46°99 | 51°31 | 54°29 | 65°82 | 68°27 | 79°17 175 
Fonstantinople . 39°20 | 45°86 | 51°80 | 61°34 | 67°64 | 74°12 Bs 
Pera ........ - 77 | 39°24 | 40°33 | 48°99 | 60°89 | 68°22 | 67-12 - 
Cairo ........ - . 56°12 | 64°58 | 77°90 | 78°26 | 83°66 | 8s-g2 85 


Erseroum .... 


Mosul ........ 


23°63 | 34°54 | 48°66 | 51°89 | 65°82 | 7a°08  - 
53°73 | 60°0x | 4°70 | 66°79 | 71°74 1 77°34 7 
50°00 | 57°00 | 56°33 | 74°00 | 87°10 | g4'10 KX 


Smyrna ...... . §2°30 | 53°02 | §2°9§ | 65°57 | 73°46 | .. we 
Trebisond .... , §1°Og | §t'axr | 47°04 | 59°27 | 67°38 | 74°68 “$4 
Urmia....... "67 | 3100 | 3r°00 | ee oe o> #175758 74% 


a. Kaemtz. b.C 


14. DEenwARK 


Fr. Ft 
Bergen teense 60 24|— 5 18] . | 35°02 36°64 | 37°58 | 44°33 | 51°33 | 56°55 | 60°40 tt 
Christiania ...-| 59 5§5|—10 45 14 | 20°79 |22°6o | zo'rr | 39°13 | 50°99 | 58°73 | 6°25 59° 
Copenhagen .-| 55 41/12 35) -- |'29°25 | 30°54 | 34°99 | 42°94 | 52°68 | 60°62 | Gg-2g 651 


Drontheim ....|63 26|—r0 25] .. 9°58 26°06 | 20°66 | 34°39 | 50°81 | 59°77 | 64°96 


$94 
Edsberg ......|-- e+ ++(230 |! 20°30 | gorsx | 34°54 | 39°53 | 50°14 | 57°12 | G0°8q | 56! 
Faluhn ...... 60 39 —15 45) 400 || 18°16 | 25°50 | 28°72 | 39°32 | 49°5% | 58°06 | 61°30 , 53: 
Frederikshaven | §7 27|—10 33) -- |! 30°42 | 31°10 | 36°05 | 40°78 | 52°25 | 58°33 | 61°93 | 61% 
Hernisand ....|62 30/—17 53] -- || 16°29 | 17°06 | 23°76 | 32°97 | 42°40 | 53°31 | 58°64 | 56° 
Jemteland ....| 63 —13 23) -- || 12°92 | 14°18 | 20°30 | 29°12 | 41°36 | 54°34 | 57°56 [s 


Kafiord ......|69 58|—23 34) 73 || 12°27 | 22°08 | 25°72 | 34°16 | 39°92 | 49°91 | $5704 - 55. 
Karistadt ....|59 23/—13 3¢/ 180 || 25°59 | 28°42 | 31°26 | 39°63 | 50°32 | 59°34 | 63°43 , 60" 


Mageroe ......}73 10|—26 1] «. | 22°08 | 23°16 | 24°75 | 30°02 | 34°07 | 40°15 | 46°60 43° 
Spydberga ....(59 38] -- «-/ -- || 13°62 | 13°26 | 17°22 | 36°50 | 49°39 | 63°66 | 66°79 | 58° 
Stockholm ....| 59 21}—18 4/128 || 24°30 | 26°67 | 29°59 | 36°77 | 48°27 | 57°02 | 63°46 | 60" 
Ullenswang ..|60 20/— 6 38) .. || 30°74 | 32°36 | 34°16 | 42°44 | 53°98 | 57°56 | 62°42 | 60° 
Uleoborg.. .. -. 65 o]/—25 30 -- s 36 9°14 | 11°48 | 24°80 | 38°30 2"52 59°36 | 54° 
Umba........ 66 39] .. ..] .- -- 143°18 | 46°49 | 56°37 -_ . 
Umeo ......../63 §0|/—20 16] .. [11° 39 14°99 | 22°19 | 33°98 | 43°30 54° 50 61°23 | 56 
Upsala........ 59 52/—17 38 22°73 | 23°22 | 27°90 | 37°09 | 47°73 | §5°56 | 61°39 | 60" 
Wexio ...... 56 53|—14 45 450 26°94 | 28°37 | 30°67 | 40°80 | 53°13 | 62°22 | 66°07 | 63° 


d. Forsell, Swer. e. Berl. Geog. Soc. J. Ebrenhe 


ature of each Month, each Season, and the whole Year. 


c. Humboldt, Isoth 
RWAY, SWEDEN. 
37 | 48 "04 | 40°89 | 37°29 | 5632 44°42 | 58°60 | 47°77 | 46°78 | 25°38 | 21°28 || 6 
‘77 (43°27 | 3ur82 | 27°76 || 23°38 | 40°08 | 59°88 | 42°62 | 41°45 | 40°46 | 36°70 || 73 
09 | 49" 1§ | 39°85 | 34°24 || 32°31 | 43°54 | 62°70 | 48°70 | 46°56 | 35°04 | 31°39 || 63 
37 lag "25 | 27°57 | 24°53 | 23°39 | 35°29 | 61°39 | 40°23 | 40°08 | 45°38 | 38°00 | .. 
84 44°69 | 27°05 | 19°89 | 23°57 41°27 | 68°28 | 40°53 | 40°91 | 41°00 | 34°73 || x 
‘93 45°03 | 32°46 | 26°28 | 23°31 | 39°18 | 59°29 | 42°24 | 40°98 | 43°14 | 35°98 || 5 
| | 
‘20 , 48°83 | 40°10 | 34°70 || 32°07 | 43°03 | 60°43 | 48°73 | 46°06 | g1°5x 28°36 | 2 
48 39°25 | 28°49 | 18°70 |! 17°35 | 33°04 | 56:07 | 38°43 | 3622 | 42°35 | 38°72 || 28 
68 i 50 | 32°64 | 9°68 | 12°26 | 30°26 | 55°34 | 34°94 | 33°20 | 47°88 4308 4t 
08 | 35°92 | aarrg | 23°85 || 19°40 | 33°27 | 53°46 | 34°06 | 35°05 | 43°15 | 34°06 || 2 
19 43°90 | 35°33 | 29°75 || 27°92 | 40°40 | 61°19 | 44°47 | 43°50 | 37°84 | 33°27 || 10 
60 | 32°00 | 25°77 | 25°74 || 23°66 | 29°6x | 43°48 | 33°79 | 32°14 | 24°52 | 19°82 | 1 
. . . . . waa | 

74 (37° 7x°1a | 12°65 || 13°18 | 34°37 | 62°90 | 38°62 | 37°27 | 5434 | 4g°72 || 3 
65 gaze 35°38 | 27°36 ll 26°04 | 38°21 | 60°43 | 44°41 | 42°27 39°16 | 34°39 | 50 
‘60 1 45°50 | 36°50 | 32°54 || 32°88 | 42°86 | 60°08 | 45°20 | 45"0r | 31°68 2820 25 
26 32 36 18°68 10°76 8°42 243° 5$°40 | 31°10 | 29°95 | 54°00 46°98 || 12 

se ee 4 ° se oe ee ee @e 
7 a7" 99 26°64 14:04 || 13°47 | 33°16 | 57°42 | 37°45 35°37 49°84 143°95 || 84 
12 | gx "55 | 25°54 || 23°76 | 37°57 | 59°17 | 42°54 | 40°76 | 38°66 | 35"4x || 18 ; 
‘30 tae ee 28°62 || 27°91 | 41°53 | 63°80 | 44°74 | 44°50 | 39°13 [35°89 134 [--- cree eel KR 
D. g- Von Buch. Ah. Schon. & Kirwan. 


t. Oct. Nov. | Dee. wit, Spring.| Sum. [| Aut. 


[15] 


Hour of 
observation. 


No. of 
| Years. 


59 72 


x jsunr. 2, 8, g|D. 
44°60 


1 eeecccces b. 


56-69 
59°43 


41°36 |: 
33°08 
40°17 


42°44 
4155 
61°34 


23°04 
47°38 
46°27 


43°78 
46°54 
29°33 | 


[Dove.] 15. Rossra 1x Europe, Siseria and Carnese Tartary, Nova Ze 


Lat. N.] Long. W.| Elev. | Jan. 4] Feb. | March. | April. | May, | June. { July. 


o 7 o 6 |Fr. Ft. ) ° ° ° ° 
Abo........-.|60 27/— 22 36] .. 19°58] 21°38] 27°32 60°26 | 65°48 
” a es rr 20°64) 22°78] 25°43 60°08 | 65°50 | 59°81 
” - es ar 23°33] 33°79] 27°88 §5°87 | 6r°2x | §7°34 


Archangel ..../ 64 32| — 40 33] .. 6°57] 9°23] 21°90 
‘Astrachan ..../46 21| — 48 5] 70 12°65 | 20°93| 35°83 
Barnaul .....-|§3 20| — 83 27] *400||— §°57 4°32 9°27 


55°18 | 60°82 | 57°58 
73°22 | 76°96 | 77°65 
61°70 | 67°55 | 60°35 


60°13 | 65°98 | 57°43 
59°90 | 64°63 | 58°10 
69°89 | 7x°40 | 68°70 
62°20 | 63°05 | 63°84 
49°46 | 59°59 | 56°05 


$650 | 60°82 | 58°24 
58°28 | 68°79 | 58°10 


Bogoslowsk --/59 45|— 59 59|*600]}/ 3°65) 2°30| 12°87 
| Bokhara ...... 39 48) — 64 55] .. 25°02} 31°10 - 
Catherinenburg | 56 50] — 60 34] 770 4°32 7°70; 16°70 


Cherson ...... 46 38| — 32 37] .. 25°23] 30°96] 38°21 
| Dorpat ovenees 58 23/— 26 43 200 19°80 24°17 28°33 
Enontekis ....{68 30| — 20 47| 1467 O'5O]— osx] 31°48 


Helsingfors....|60 10| — 24 57] .. 17°46] 20°75] 23°43 
Jakutzk ...... 62 1/—129 44 —45°47 | —28°86|— 6°43 


Irkutzk ......|5§2 17] —104 17 1355 — 330] 4°77) 20°03 60°49 | 64°85 | 59°26 
Kasan ......-. 55 48)— 49 7] xs0]] 3°45] 8°10] 20°75 61°36 | 64°78 | 60°87 
Lugan.....-+-|48 35] — 39 21| .. 15°98] 15°37| 25°02 63:41 | 75°83 | 72°95 


Moscow ....-- 55 45|— 37 38] 400]| 13°57] r6:00| 26°76 
Nertchinsk ..--| §1 18 | —319 20| 2100/1 —23°58|— 9°63/ 9°50 
Nicolajef ...-|46 58|— 31 58| .. 24°51| 28:49] 37°65 


62°38 | 66°40 | 63°12 
59° | 64°40 | 59°90 
70°09 | 72°64 | 70° 

N. Kolymsk ..|68 32) —160 56] .. ||-—-31°27|—22°59|— 6°70 oe os 
» Novgorod ../ 56 20] — 43 57| -- |} 19°67) 14°36) 35°24 59°36 | 69°26 | 62-24 
63°77 67°17 61°03 


59°95 | 63°91 | 61°16 
s+ 1 78°62 | 65°84 


Orenburg .-.-| 50 46 55 6| 220 0°79 9°86| ar22 


Petersburg ----/59 56|— 30 18] .. 14°74| 18°68| 25°50 
Saratow .....- §r 32|/— 46 4] .. 13°46] 16°16] 30°74 


-- |] 34°27) 36°52] 42°37 
5 59 45| 980i] 3°83) 4°53] 14°92 
Sympheropol ../ 44 57|— 34 6| 780|| 32°25] 32°97] 38°68 


7o°og | 71°15 | 70°48 
60°71 | 63°14 | 60°06 
65°23 |-68-54 | 66°67 
Tambow .....-/ 52 47|— 41 28] rgo]] 12°32] 17°49] 27°41 
Teflis ....-..-142 43] — 45 17] «- 31°89] 33°89] 42°40 


63°88 | 67°51 | 63°77 
72°41 | 78°28 | 76-98 


” oe oo ce] oe 26°60| 36°95 ve 67°33 | 76°33 | 74°75 
Tomsk....++--/§6 30] — 85 10/*300 ||— 3°55 2°97| 12°20 59°45 | 65°30 | 58°78 
Uleoborg 65 oO] — 25 30/ .. 5°36 g9°14| 31°48 §2°52 | 59°36 | 54°32 
Uralsk......-- Sr 11] — 51 22] .-. 4'28|— 0°22] 13°46 70°34. | 78°44 | 67°28 
Ustjansk .. 220170 58] —138 24] .. 1—99°48/—31°18(— 4°05 47°55 | 58°60 | 44°62 
Warsaw ...... §2 13}— ar x] 35x|) 22°28) 25°79] 31°17 60°89 | 64°63 | 64°11 

» oe rs a 22°44] 25°65] 32°74 63°70 | 65°75 | 64°38 
Wilna ........ §4 41} — 25 18] Bool 2x54] 27°16] 33°08 63°03 | 64°33 | 61°79 
Wiatka ...... 58 231— 49 55] -- fue os | oe «se a ~» | 61°34 | 53°06 
Woro ........ 63 gi — 22 o| .. 15°24] 17°46] 23°97 57°70 | 64°09 | 59°97 


MatoshkinSchar| 73. o/ — 57 20| .. 4°28 i— 7°74| 4°46 
Seichte Bay ../70 40 58 o] .- 9°32| 10°29] 10°38 
i Pforte | 70 37 $7 47| -- J 2°88] o'og/—10°68 


34°57 | 39°97 | 40°93 
34°41 | 37°67 | 37°72 
32°95 | 36°30 | 37°51 


* English Feet. a. Pog 


° 
39°20 


42°58 
42°19 


35°22 
50°14 
33°58 
31°77 
61 48 
34°79 
50°36 
41°33 
27°43 
42°10 
16°59 
33°91 
37°06 
47°30 


39°49 
27°05 
49°26 

0°30 
38°57 


33°94 
41°38 
44°24 
53°76 
33°53 
53°62 


40°98 
56°84 
54°05 
33°83 
32°36 
43°34 
— 18°58 
45°07 
46°47 
44°92 
35°78 
39°20 
22°26 


23°79 
20°28 


Aut. 


5. Russian Met. Obs. 


Year. 


°o 
40°35 
40°68 
39°74 


33°53 
59°05 
31°37 


30°36 
32°90 


49°15 
41°76 
26°84 


38°66 


33°43 
32°62 


35°45 
44°17 
40°02 


24°87 
49°17 


Diff. 
H.&C. 
months. 


° 
45°90 | 41°44 


44°86 
39°88 


54°78 
65°00 
73°12 
69°08 
62°56 
46°17 


44°04 
60°10 


43°36 
114°26 
68°35 


61°33 
60°46 


52°83 
87°98 
48°13 


63°27 
66°38 
49°17 
36°88 
61°76 
36°29 
54°19 
46°39 
49°73 
68°85 
54° 

78°66 


98°08 
42°35 
43°31 
42°79 
48°85 


48°67 
28°40 
48°19 


39°73 
35°46 


48°42 
56°77 
63°54 
60°23 
56°16 
42°77 
39°72 
54°64 
38°04 


980g 
60°60 


56°00 
55°79 
48°77 


77°93 
44°25 


50°28 
59°66 
43°02 
34°63 
58°05 
34°32 
49°07 
471 
41°10 


61°73 
46°98 
68°04 
$6°16 
38°30 
39°40 
38°22 
43°02 
40°78 
26°82 
32°38 


[ Dove.] 16. Inpra and Cuina, Maray ARcHIPELAGO.—Mean T 


Feb. | March.| April. | May. | Jane. | July. 


Lat. N. | Long. W. | Elev. 


o 4 o o« {Fr Fe ° e ° 
Alor Gajah 216 | —102 12| -- || -- oe - ee e- 
Ambala ...... 30 25 | — 76 45| 1000) 51°4 | 60°2 [| 70°5 96°33 | 84°83 
Anjarakandy ..| 11 40 | — 75 40/ >: ° 81°9 | 83°5 79°38 |78"4 
AVA oc eceenees 21 50) — 96 5] «+ || 64°69 | 73°49 | 75°59 85°49 | 82°79 
Badulla ... 7 o| — 81 20 |*2107|| 66°67 | 68°33 | 68°33 71 =| 69° 33 
Bancoora ..-. 85°44 | 82°52 
Bangalore .... 75°25 173°75 
Bareilly ....-. 90°75 | 865 
Batavia ...... 175 {78° 
Benares ..- go°28 | 85°71 
Bombay ...... 85°37 | 82°05 
Brery ....-e0- 


76°53 76"2 x 
69°10 | 67°35 | 
88°65 | 85°89 


Buitenzorg .... 
Caineville .... 
Calcutta @eeese* 


(F. Dumdum.) . 84°69 | 82°61 


anton ....... 81° 83° 
Cawnpore .... 91°23 | 86°65 
Chunar ...... 83° go" 
Chusan ...... oe ee ° 


Dacca ...cceee 


arwar 74°78 | 72°90 
Futtehgur 95 87°25 | 85": 
Hawul Bagh 745 175° 75°5 
Jubbelpoor 08 87°75 | 80°88 | 80-13; 
Kandy.......++ 7.17. |— 80 49| 1680) 70°6 = | 72°52 | 74°08 | 73°77 73°15 | 72°52 | 73°32 
Khatmandu....| 27 42 |~ 87 46| 4650) 48°: [| 51°5 | 562 | 64°5 94°4 | 763 | 74°! 
Kishnagur ....| + +. oe ee] ee oe a ee _ - | 84°88 1 85°39 
Kotgurh ...... 31 19 | — 77 29} 6634]| 40°30 | 45°30 | se we 71°45 | 73° 66°8¢ 
Kulsea ..... 30 — 77 30} 1x00] 58°26 | 61°03 | 62°61 | 77°73 85°99 | 83°66 | 80°35 
Lohoogat .. 29 23 |— 82 16| -+ |144°53 | 45°78 | 52°34 | 60°49 71°44 | 71°34 | 70756 
Macao..... eee] 22 rx | —113 34| © || 62° 54°95 | 64°30 | 71°34 82°73 | 82°87 | 83°cs 
Madras ......] 13 4|— 80 19] +> | 75°17 |77°26 | 79°92 | 82°42 88°16 | 85°65 | 84°75 
Mahabuleshwar} 17 59 | — 73 30| 4500! 65"7 | 67°5 |74°0 | 744 66°3 | 64°9 | 6573 
Manautoddy ..| .. .. we ee] oe U7" 63°5 | 70°75 | 71°5 69 67° 67° 
Manilla ....-.| 14 36 |—129 oO| ++ {|| 70° 68° =| 72" «175° 37 87° 87° 
Merkara ...... 12 26 7§ 50] 4500666 | 708 |73°7 | 73°! 6g°r | 67° | 66° 


o* | 56°79 64°60 | 73°59 | 81°59 
78 2| 6100/! 39° 39°5 |52° | 60° 
79 11] -- |73"36 74°87 | 84°26 | 93° 


Mozufferpur_ .. 
Mossouree .... 
Nagpoor ...... 


Nasirabed .. 26 18 | — 74 45| ! s00|| 59°2 | 62°97 | 7r8 | 82°6 gor | 85°7 | 82°7 
Nazera........ 26 52 | — 94 45) -- | or"44 64°23 | 68°02 | 72°05 8x50 | 82°75 | 81°98 
Nurringpoor ee we ee | ce (61°25 | 63°75 | 72°25 | 82° 86°25 | 8o'5 | 81 

Ootacamund Ir 25 |— 76 45 7360| 530 |54°8 | 59 | 627 60 772 «| 57°8 


iture of each Month, each Season, and the whole Year. 


be Oct. 
. | 806 
17 5°32 
| * 80°7 
19 | 80°59 
3 | 72°33 
13 | 80°19 
'S | 70°50 
76°75 
177° 
9 , 81°49 
17 | 82°54 
i ee 
27 | 77°86 
35 ‘60°41 
og , 34°41 
4x | 80°98 
°3 | 73°25 
03 | 78°95 
25 | 79°75 
"7 «| 68°25 
23 | 79°4 
"12 | 82°83 
3 60°5 


"15 | 75°4 


e 62° 

“31 | 73°94 
"7 | 72°23 
oz | 64°58 
“41 | 83°26 
"85 | 55°80 
18 | 70°98 
"76 | 63°50 
59 | 76°13 
83 | 81°86 
ro | 65°5 
"5 | 67°75 
ee 

"6 | 668 
57 | 78°17 
I'§ | 6o°5 
52 | 81°56 
es 61 78°8 
074 | 77°22 
75 | 78°5 
Bo | 58°0 


Aut. 


Year. 


"yore wy ts UJ 


aot &C. 0. re: cf Hour of singers” 
months. 8.) 


43°60 32°89 t fro, xo ....|D. 

7°20 |— I50]] TO j..cceeee- (Dp 
71°50 | 14°77|| 3 cecccee(D. 
50°66 2°28, 1 g, 12,8....|D. 


20°99 | 14'26/| 2 |10, 10..../D. 
9°50 3°66 || x |2-hourly ../D. 
34°25 | 27°50|| x {sunr.12 ../D. 
5700 |= o’so}] 14 |6, 12, 2, 10 /D. 
35°79 | 22°07 /] 3 fence ee eees D. 


9°56 5°40|| 1% (hourly ..../D. 
es we |l -e D. 
2°64 05711 3 16,9, 3%, 10 1D. 


es oe ~- |ro, 10... ID 
aru 14°47|| 4 |10,4 ....|D. 


we we 8 |dail. extr.../D 
30°50 | 27°12]|| 10 . 
32°70 | argol) iP 10, . esee .|D. 
32° 26°s8|| x i4times....iD. 
ee we 4 19,9 -. 00 D. 
6°48 he ne a > A ee | OP 
oe - Zo fowsecccces D. 
2x10 | 18°33], 1 (|g, evening |D. 
oe oe I |10, 10. D 
37°70 | 29°62} If |.......0.. D 
34°50 | 31°67]| : I7,2....../D. 
3IIQ | 208g ll @ f.-ceccree. D. 
3°98 1°36|| 3 (dail. extr...|D. 
goroz | 26°30]] 2 |7,2......{D. 
- oe 4 17, 12, 3,7 {D. 
ee 4r°rs >? 2 Oe 
27°73 | 23°67|| 1@ Idaily...... 
26°9x | 24°53 i] 2 |...ceseeee 


D 
D 
D 
28°14 | 23°53 il 4 (6,4 .05--|D 
32°99 9°12 || 20 jred. ......|D. 
D 
D 
D 


12°10 0°33 || x {dail. extr... 
15° $75] 2 ({dail. extr... 
19° 37°67] X [ew cece eens 
9°30 0°33, 3 dail. extr.../D 
30°rr | 23°86|| 34 /dail. extr.../D 
34° 28°50 oc ccceecee(D 
24°91 | 9°76) 3 jsunr. 8, 3, 
(sans.|D 
32°20 | 26'r4}] 4 jsunr. 24. ../D 
22°3z ] 20°04]| 3. /sunr.2,suns./D 
25° 20°91 || xr [....---2--4D. 
10°20 goo} ~=24% jdail. extr.../D. 


[ Dove. ] Inpra and Cuina, MALAY ARCHIPELAGO (continued).—N 


vecaee 6| 18231 70°66 
++ | 79°7 
34.00 | 48°7 


1013] §2° 


Samarang .. - 
Seringapatam .. 
Simla ........ 


Capetown ....|—33 56 |— 18 28) .. | 74°37 | 75°97 | 72°75 | 67°10 | 62°13 | 57°88 | 57°58 | Go's8 
Hotten. Holland|—34 2 |— 14 8) 3500]|| 59°90 | 61°93 | 6Go°g1 | 63°91 | 53°88 | 47°82 | 46°80 49°83) 
Graf Reynet ..|—32 11 |— 26 = | 1100) 71°29 | 69°44 | 64°27 | 63°61 | 59°27 | 53°78 | 55°20 | 55°33 
Stellenbosh....|—33 50 |— 18 40} 275 || 77°01 | 77°64 | 73°17 | 65°92 | Gor19 | 57°82 | 56°83 | sor22 


Swellendam ..|—34 © |— 20 20) 475]177°59 | 72°84 | 70°59 | 65°95 | 60°72 | 58°89 | 59°82 | 50°35 
Vitenhague....|—33 45 |— 25 20] -. |} 69°56 | 70°8x | 68°29 | 63°59 | 59°8 | 54°93 | 56°03 | 56°73 
Zwartland ..../—33 20 |— 18 35) -- {1 75°27 | 76°99 | 74°89 | 68°09 | 62°18 | 58°21 | 57°72 | 56°98 


Adelaide ......|— 34 35 19°25 . . . 54°25 | 58°33 
Auckland ....j/~-36 51 : 67°33 . , 49° 51°59 
Albany ......|—35 2 65°66 , ° ° 54°32 | 54°86 
Coburg Penins. |—-11 5 "72 | 83°67 ; "38 1 77°53 | 79°55 
Fort Dundas ..j—131 25 83°12 . 72°14 | 76°10 
Hobart Town ..|—42 53 ee 63°07 . 40°18 | 45°56 
Macquarie Harb.}—42 12 ° 64°23 . “os | 45°46 | 48°40 
Melbourne ..../--38 18 66°82 | 64° ° "16 | 48°28 | 47°89 
Paramatta ....(/—33 49 68°25 51°§ | 56°5 
Port Jackson ..|—33 50 ° 75°41 54°32 | 57°22 
York ..-ceeee/—32 §3 81° . , g2°5 | 52° 

Woolnorth ..../—40 42 . 49°68 | 48°79 


* En 


Temperature of each Month, each Season, and the whole Year. [18] 


Year. | H.&C. | Diff. |INo.of| Hoar of 
months. | 3. & W. ||Years.| observation. 


° ° °o e 

6r1s oe 87°57 eco veces et Dn 
ms | 70°57 || 73°64 79 45 78°44 sunr.4....{D. 
5 So°3 || 81° 91°17 | 93°73 | 85°23 | 87°78 | 15°70} 812.73] FT fo. ee ceneee D. 
. 52°71 47°67 | -- oe | ce | oe fF oe [ve He we Javeees oe (D. 
: 55° 54°00 | 76°67 | 86° =| 72°33 | 72°25 | 38° | | 32° |] a fj... eees oD. 
AS 81°31 || 80°75 | 81°87 | 8r21 8,12, 4,8..)|D. 
§ 71° 71°33 | 82°07 | 74°97 sunr. 24 .-,D. 
4 = ve -- | 68°12 10, 10 ..../D. 
04 79°94 || 79°24 | 8r°0s | 81°61 6, 12, 6..../D. 
83 78°77 || 78°88 | 80°31 | 80°54 dail. extr...:D. 
. §2°7 ee ee oo | we fee fF we fee TP we few eee enue D. 

93 50°48 || 53°09 | 74°35 | 84°70 sunr. (asi 
[extr.) D. 
8 67°6 || 62°90 | 83°50 | 85'40 daily extr. (D. 
7 779 || 77°33 | 79°93 | 83°90 6, 3,9 ----,D. 
: o- «+ }83°992 | 0. | we | oe fo we foe Wwe fee eee ese |D. 
- "FO 81°86 | 81°83 | 80°83 | 75°01 1 77°11 | 78°69 |— 8°73 1— G82] 3° J.- ee ewee D. 
. 64 83°50 || 84°20 | 80°65 | 73°58 | 79°31 | 79°44 | 12°60|—10°62|| 3 |...... eee oD. 


AFRICA. 
"go | 64°94 | 70°r4 | 72°37 || 74°23 | 67°33 | 58°69 | 65°66 | 66°47 | 18°39) —35°54!| 64 |......--.-(D. 
"89 | 56°95 | 55°98 | 57°10 || 59°64 | 59°57 | 48°15 | 55°27 | 55°66 | x7'xa/—29°49]] x [-.-.0+2.-./D. 
. 86 | 55°72 | 67°96 | 69°98 |] 70°24 | 62°38 | 54°94 | Grex | 62°18 | x7°5r/—315°30}) x (6,7, 1, 7-8 D. 
°78 | 64°56 | 69°83 | 74°22 || 76°29 | 66°43 | 57°96 | 65°06 | 66:43 |-+20°81 |—18°33 || 2 morn. ev.. 


6 1 6x°79 | 66°75 | 70°21 |] 73°55 | 65°75 | 59°35 | 63°38 | 65°52 |-4+-18°70|—14°20|/ 2 jmorn. ev.../D. 
. "03 | 60°93 «+» | 68°78 || 69°72 | 63°89 | 55°90 | > ee 15°88 |— 13°82 || 13 |morn. 12,ev./D. 
33 | 63°44 | 70°35 | 71°89 || 74°72 | 68°39 | 57°60 | 64°70 | 66°35 | ~20°0r/—27°12|| 2 {12, ev. ..../D. 


“ 


iIsLanp, New ZEALAND 


%31 | 68°13 | 72°50 | 82°00 || 81°90 | 68°50 | 56°42 | 66°98 | 68°45 | 30°19 |—25 48 | I |10, 12, 2,4 Ip. 
poo | §6°42 | 60°08 165°5 || 66"g2 | 59°83 | 50°75 | 56°83 | 58°58 | 18°92/—16'17 | @ |8,2,8..-.-|D. 
9°48 | 58°10 | 57°38 | 60°80 |, 64°10 | 63°20 | 55°58 | 57°32 | 60°06 | 11°52/— 8° 52 | 1 |8, suns. red. D. 
2°96 | 84°70 | 86°61 | 86°24 || 84°54 | 84°03 | 78°48 | 84°09 | 82°79 [+ 9°08|/— 6:06) rf |......- 7 . D. 
| 12 
3°80 | 82°04 | 83°66 | 84°74 || 83°84 | 81°98 | 75°20 | 8x°50 | 80°63 | r2°60}— £64! x {6,8, 12, 3,9, 
TM4 | 54°06 | 57°06 | 63°04 || 63°06 | 51°55 | 42°14 | 52°75 | 52°37 | 22°89|—20°92 | 3 19,9 ------ 
8°79 | 56°5 | 57°90 | 64°23 || 64°23 | 54°15 | 45°64 | 57°73 | 55°44 [2118 |—18'59 | 3 19,9 ------ D. 
2°75 | 55°or | 63°70 | 62°90 || 64°83 | 58°08 | 48°78 | 56°49 | 57°04 1+ 18°93 [— 16° 05 | 2 |8t,9 ...-1D. 
2 68° 72° 74° 71°75 | §9°67 | 53°77 | 67°33 | 63°13 |-+-22°50|—137° 98, | ae fecccescce cl DD. 
2°54 | 68°16 | 70°02 | 72°33 | 74°26 | 66°57 | 55°50 | 66°91 | 65°83 |-+21°09 |— 18°76), 34 19, 12, 6..-./D. 
9 |65°5 169° | 785 || 83°33 | 64°33 | 53°37 | 64°50 | 65°33 [-+35°50j/—3016:| =I [.. seen D. 
2°82 | 55°37 | 58°04 60°00 ee -- [48°62 | 5541]... eee ve fo [8,28 --../D. 


sh Feet. 


[Dove.] Toronro.—Corrections for the Hours of Observation to the Mean Temperature 
of the respective Months. 


l 
.| April. | Bay. | June. { July. 


ees | ee | eee | ee | Gina 


94) 6:30 


S ° 9 © 
Morn. 1°87] 0°92] 3°04! 4°43] 5°99] 5°9 5°06 
2°16} 1°33] 3°56| sexx} 6°64| 6°62) 7°13] 5°68 
2°39{ gr! 4°19] 5761 7°36! 7°29] Sor; 6°82 
2°68| 2°66) 4°75| 617| 7°65| 7°56| 844] 7°61 


5°94| 7°07] 6°98) 7°88) 7°49 
4°97| 5°49] 5°38) 6°14) 6°14 
3°38| 3°17} .3°04/ 3°49] 3°67 
1°42] 0°68] 0°43| 0°52] 0°68 


—0°§0 |— 1°51 |— 1°85 | —2°12 |— 2°09 
—2'07 | — 3°08 |— 3°47 |— 4°01 |—- 4°14 
— 3°26 |— 4°14 |— 4°46 |— s*r5 |— 5°33 
— 4°19 |— 5°00 |— 5°18 |— 5°90 |— 5°96 


— 5°00 |— 5°99 |— 5°94 | — 6°59 |— 6°50 
— 5°76 |— 7°16 |— 6°89 | — 7°47 |— 7°11 
— 6°35 |—8°15 | 7°74 | — 8°28 |—7°70 
— 6°48 |—8°51 | —8°08 | — 8°55 |— 7°81 


->w Nw 
| 
acer 
a 
w 

i 
“ 
Oo 
N 

l 
vA 
oO 
i?) 


— 5°94 |—7°75 |— 7°43 |— 7°83 |— 6°95 
— 4°66 |— 5°83 |— 5°65 |— 5°94 |— $00 
— 2°81 | — 3°08 |— 3°04 | — 3°17 |— 2°25 
—0'°77 |—0°16 |} —o'18 |—0'18 | 0°65 


con Qu 
| 
@ “ e s 
N 
> 
i 
“ 
N 
> 
i 
“ 
ws 
Lo | 


106/ 2°30] 2°30] 2°39] 2°97 
2°41} 3°94) 3°98! 4°14/ 4°32 
3°26| 4°82| 4°93) Sit] 4°77 

. ry 5°64 ° 


Jove.] Barnaut.—Corrections for the Hours of Observation to the Mean Temperatures 
° of the respective Months. 


Hours, | Jan. Feb. | March.| April. | May. | June. | July. | Aug 
— i 
' ee ° ° ° ° ° ° ° ° ° ° 
forn. 1 2°54] 1°85) 4°70) $49} 8°82! 7°83; 837) Zr] 5°45] 3°06] 2°48) 1°82] 4°95 
2 28x} 21g] 5°47) 6°30) 10°19] 8°37) 9°77] 8°35] 6°50] 3°78] 2°97; 2°00] 5°76 
3) 2zo}] 2°48] 6°28} 7°07] 10°96] 9°59] 10°69) gt52| 7°65) 4°52] 3°35| 2°07) 6°41 
4 | 2°39| 2°81] 702) 7°45] 10°76] 9°14} 10°67] ro°r5} 8°48) §°15| 3°71] 2°18] 6°66 
5 2°07 | 3°33] 7°43| 7°09/ 9°32] 7°58!| 9°50) 9°77] 8°60] 5:47] g’or| 2°45) 6°37 
6 | 3°96 | 3°33| 9°38] 5°87] 6°68! sas} 7°18) 8:12) 5°58) 5:29] 4°16] 2°79] 5°65 
7 |! 200] 3°20) S90} 3°87) 3°38) 2°50] 4°05) 5°36) 2°70] 4°46) 3°96] 2°99) 3°94 
8 ii xrg8] 2°s9] 3°71] 3°37|—O'rE/—-0'18] O70] 1°96 2°97} 3°15| 2°70! 1°96]. 
9 2°53 | 1°37] 0°86 |—1'28 |— 3°02 | —2°48 | —2°32 |— 1°44 /—0°56| Oo'gg{ 1°64] 1°73 |—0°25 
10 O45 |—0°36 | —2°18 |— 3°74 | — 5°06 | — 4°61 | — 4°68 |— 4°32 |— 3°67 |— 1°22 |—0'41 | rrr |—2°48 
II || — 2°22 |— 2°30 |—4°91 |— 5°78 | — 6°35 | — $°99 | — 6°35 | ~ 6°48 | — 6°21 | — 3°32 | — 2°61 | — 1°76 | — 4°43 
Noon... || — 3°08 |—4°03 |— 6°89 | —7°34 |— 7°20 | — 7°31 |— 7°52 |— 7°97 | — 7°99 | — 5°00 | — 4°48 |— 3°42 |—Gror 
t |l— 4-59 |— 5°13 |—7°97 |—8'35 |— 8:03 | 8°39 |—8'42 | 8:96 |— 8°96 |— 6-05 | — 5°58 |— 4°39 |—7°07 
2 5°27 |— 5°38 |— 8-21 | — 8°71 | — 8°78 | — 8°78 | — 9°16 | —9°63 |— 9°23 |— 6°39 | — 5°72 |— 4°48 | — 7°47 


—0'g0 | — 0°83 |— 6°46 |— 3°35 | — 6°82 | — 4°39 | — 6°48 | — 6°19 | —4°25 |—2°75 |— 1°55 | —0°83 | — 3°74 


eon? Qn 


@: 1°42] 28) 3°33] 4°25) 5°69] 4°75| 5201 4°97) 3°85] 3°87] I'15| O'92| 3°22 
Midn, 2°03| 13°55{ 3°98] 4°82] 7°36] 6°26] 6°82 03] 4°59| 2°45] 3°85] 1°44/ 4°30 
6. 6 0°§4{ 3°24} 13°46] 1°26)/—0°07| 0°54] 0°34] 0°97] 1°69) 1°28] 3°31] O99] 0°97 
7: 7 ror, 4164) 31°64] 1°42|/—~0O'41] 0°27) O'02/ O92] 1°76] I'49] 1°55] 1°28] 1°06 
8. 8 w24| 3°62] 3°37] 1'22|—-0°72}—0°05|—0°29| 0°65| 2°35) 1°31] 1°37| 1°24] 0°86 
9 9 r10} 15) 0°74] 0°68 |—0°79|—0°34;—0°S54| O18] 0°59] 0°77] 0°83] 0°86] 0°43 
10.10 0°70} 0°38 }—o°0g |— 0°07 |--O 63 | —0°56 |—0°65 |— 0°34 |—0°34| 0°05! 0°07] © 25 |;—O°r1r 


—0°47 | —0°09 |—0°27| 009 |— 0°63 | —0°68 | — 0°65 |—0'18 | --0°05 | —0°23 |—0°4 5 | — 0°38 |—0°94 
Dane oa —rog} 0°59/-0°63| 0°74) 0°34] 0°56] 0°14 /—0°32 |—0°47 |—0°79 |— 0°74 |—0'41 


[Dove.] Bomsay.—Corrections for the Hours of Observation to the Mean Temperatu 
of the respective Months. 


Feb. | March. 


Morn. 1 1°40 0°99 1°49 
2 6g} 1°33 1°37 

3 2°21 I°g1i 2°32 

4 2°84} 2°59 2°75 

5 3°40; 3°04 2°95 

6 3°62/| 3°06 2°79 

7 3°33| 2°54 2°21 

8 248} 1°58 1°28 

9 1'22| 0°38 0°16 

10 —0°23 |—0°77 —0°95 

11 — 1°55 |— 1°67 —1'91 
Noon.. — 2°61 | —2°30 —2°59 
I — 3°29 | — 2°66 —2°99 

2 — 3°60 |—2°84 — 3°13 

3 — 3°65 | —2°86 —2°99 

4 — 3°42 |— 2°72 — 2°66 

5 2°95 | — 2°34 —2°14 

6 —2°27|—1°71 — 1°46 

7 — 1°44 |/—0'88 —0o°72 

8 — 0°56 |—0°07 —0°o2 

9 0°23| 0°56 0°52 

10 o°831{ o'g0 0°88 

11 r°ro| 0°97 1°08 
Midn... 1°26] 0°92 1°26 
6. 6 0°68 | 0°68 0°68 
7-7 0°95 | 0°83 0°74 
8. 8 0°97] 0°77 0°63 
99 O'79| O72) 0°47 0°34 
10.10 0°27] 0°29| 0°07 —0°OS 
J. 2. 9||-0°14|—0°O2| 0°09 —O'14g 
6. 2. 8 —0°32|—o0°18 | 9 or05 —O'll 
6. 2.10]| O'xr{ 0°27|] 0°38 o°18 
6. 2. 6||—-0°79 |— 0°74. | —0"50 —o'61 
7.2 |/—-0°16 |—o'14 | —0°16 —0°47 
8.2 j|—0°52 |—0°s56 |—0°63 —0o'92 
8. 2 ||-0°36 |— 0°41 | — 0°54 — 0°86 
7-1 o'00| 0°02 |—0°07 —Oo'*4I 


9.12. 38 — 1°28 |— 1°22 | — 1°06 
9 


7» 2%.2(9)]|—-0°94| 0°05] O°20 0°02 


Dove.] Franxrort ArsenaAL.—Corrections for the Hours of Observation to the Mea: 
Temperatures of the respective Months. 


° ° ° 6 ° 

forn. 1 3°02 3°29 3°94| 4:21] 5°85) 7°67 6-91 6°05 

2 3°40| 3°89) 4°79| 5°24) 686] 839] 7°90] 6°84 

3 | 410, 4°46] 5°76; 648] 7°72] 882) 8°62) 7°47 

4 | 4°79| soz] 653} 7°40] 8:03] 864) 8°64) 7°56 

5 s720] 5°54] 6°64] 7°45! 7°74] 7°56} 7°65| 6°73 

6 §706/ 5°29) 5°90] 6°37] 5°96) 5°54] 5°67) 4°97 

» 7 N 423) 4521 430) 37) 3°74| 2°84] 3°02] 2°59 

3 . 2°99] 2°12] 1x°91| 1°28|/—0'07| 0°18] 0°02 

9 0°68 |— 0°16 |—-0°45 | — 2°01 | — 2°70 | — 2°39 | — 2°25 

10 — 1°62 |— 2°25 |—2°36 |— 2°90 |— 4°75 |— 4°41 |— 401 

_ ou — 3°98 |— 3°96 |— 3°80 |—4'43 | — 6°17 — 5°94 | — 5°27 

Noon. . — 5°85 |— 5°22 |— 5°00 | — 5°29 |— 7°13 | — 7°11 | — 6°26 

§ — 6°77 |—6°17 |— 6°12 | — 6°92 | — 7°90 | — 8°06 |— 7°11 

2 — 7°16 |~ 6°77 |— 9°18 | — 7°92 | — 8°48 | — 8°71 | — 7°83 

3 — 6°59 |—6°98 |— 7°94 |— 8°52 | — 8°75 | — 8°87 |— 8°12 

4 — 5°49 |— 6°64 |— 7°99 | 8°33 |— 8°44 |—8'26 |— 7°70 

5 —4'21 |— 5°63 |~7°00 | — 7°20 |— 7°27 |— 6°75 | — 6°32 

6 — 2°50 |—4°OF |— 5°02 |— 5°20 | — 5°24. | — 4°50 | — 4°12 

7 — 1°04 |— 2°07 |—2°45 |— 2°68 | —2°6 | — 1°87 |— 1°51 

8 0°27 |—0'14| 0°05 }—0°23| 0°16] 0°63] 0°97 

9 1°48] 3°37| gr! 80} 2°63] 2°63) 2°90 
10 2°09| 2°36) 1°97] 3°22| 4°55] 4°03] 414] 441] 3°74 
_. at 2°66} 2°95] 3°38) 4:16] 5°87] 5:04] 4°84) 4°91) 4°41 
Midn. . . 3°06| 3°33) 3°65! 4°52) 6°84) §s*92/ S40) 5°29] 4°91 
6. 6 140| 0°95| 0°68] 0°38] 0°16] O59] 0°43) 1°26) 1°31 
7-7 1°76| 1°33| 0°95] 0°54] Otm3| O'59/ 0°54] 340] 1°87 
8. $ 1°62} c'99| O97[ 0°54] O05} O41} O50) ITS} FOI 
9- 9 1°08| o°61| 0°74] O'41]/—0°05| 0°14] 0°32) O59) 1°44 
10,10 0°25| O'07] 0°29) 0°16|/—o'rr}—0O'r8} O°'07|—O'IT| O°S9 
Jo 2. 9 — 0°38 | —0°36 |—o'ag |— 0°79 |— 2°02 |— 1-01 |—0°79 |— 0°65 |—-0°74 
- 2. 8 —0°54 |—0°39 |—0°25 |—0°72 |— 0°92 | —0°81 | — 0°63 |— 0°43 |— 0°83 
6. 2.10 o'07| o°50| 0°72] 0°43] 0°54! 9°34| 043] 0°54) O°09 
6. 2. 6 — 1°46 |— 1°62 |— 1°94 | — 2°39 | — 2°72 | — 2°52 | — 2°32 |— 2°21 | — 2°39 
7.2 — 13°33 |— 1°24 |— 1°42 | — 2°09 | — 2°84 | — 2°86 | — 2°63 | —2°66 | — 2°45 
8. 2 — 2°09 |— 2°34. |— 2°63 |— 3°33 |— 4°28 |—4'28 |— 3°92 |— 4°19 |— 3°49 
| 8% — 1°89 |—2°03 |—2°12 |— 2°81 |— 3°98 | — 3°94 | — 3°56 | — 3°94 | — 3°75 
| 7 2 — 1°13 |—0'95 |—0'88 | — 1°60 | — 2°54 | —2°§2 | — 2°27 | — 2°43 | — 2°09 


— 2°57 |— 2°75 |— 2°88 | — 3°26 | — 3°98 |— 3°94 | — 3°44 | — 3°92 |— 3°53 
o°09} ©°07| 0°25 |—0°16|—0°09 |—O°11 | O°14 0736 | 0°09 


e eee 


[Dove.] Rio JANE1ro.—Corrections for the Hours of Observation to the Mean 
Temperatures of the respective Months. 


Hours. Jan, Feb. | March Dec. | Mean. 
Morn. 1 0°74 1°5t 1°80 1°32 1°34 
2 || 364] 2:41] 2°48 2°05} 2°03 

3 || 2°50] 3:xx| 3°02 2°66/ 2°70 

4 }} 3°08) 3°90] 3°24 2°99; 3°06 

§ || 3°22] 3°29] 3°35 2°99| 3°08 

61} 2°93| 2°84] 2°75 2°68] 2°75 

7} 2°30] 2°2r] 2°14 2°12{ 2°23 

8 149| 149] I'40 1°40} 1°58 

9 || 0°68] o72| 0°59 o°s9| 0°86 

10 ||—0°07 |—0°05 |—-0°23 —0°23/ O14 

1x ||—0°77 |—0°86 |— 1°01 — 104 }— 0°61 

— 1°40 |— 1°64 |— 1°71 — 31°82 )— 1°35 

Noon 1 ||—2°00 |—2°30 |—2°30 — 2°43 |— 2°03 
2 2°43 |—2°75 | —2°66 —2°81 )]— 2°52 

3 | —2°59 |—2°88 |—2°84 —2°86 | 2-77 

4 2°45 | — 2°70 | — 2°77 —2°$9 | —2°70 

§ |i —2°05 | —2°30 |—2°50 — 2°09 | — 2°39 

6 3°51 |— 1°82 | 2°12 — 1°49 |— 1°91 

7 \|— 1°04 | — 1°40 | —1°67 —0°99 |— 1°44 

8 ||—0°72 |— 1°13 | — 1°22 —0o°61 |— x08; 

9 ||—0°59 | —0°92 |—0°77 —0°38 | —0°79 

10 ||—0°56 |—0°63 |~o'25 —0°16 | —o'50 

11 ||—o'41|—o'1g| 0°36 0°14 | —0°09 
Midn... || o°00] 0°59! 1°06 0°65| 0°47 
6. 6 0°72] 052| 0°32 061] 045 
7-7 0°63| o'41| o25 0°56! or, 
8. 8 0°38] 0°18] o'o9 O41] 0°25 


9:9 0°05 |—O'rI | —0°09 O11} of05 
—0'20 |— 0°18 
—0°36 |— 0°36 
0°25 — 0°27 


10.10 ||—0*°32 |—0°34 |—0'25 
Je 2. Gl —0°23 |—0°50 | —0°43 
6. 2. 8]|—0°07 |—0°34 | —0°38 
6. 2.10]| 0°02 |—0'18 |—o'05 


—0°S4 —ors6 
— 0°36 —0o°16 
—0°72 — 0°47 
—0°§2 |—0°23 


6. 2. 6||—0°34 |—0°59 | —0°68 
Jo 2. ||--0°O7 | 0°27 |—0°27 
8. 2 ||—0°47 |— 0°63 | —0°63 
8. 3. || 0°27 |—o'41 |—0'45 


Jo Xe 0°16 |—0°05 |—0°09 
912.369 || 0°97 | — 1°19 |— 1°19 
J. 22 (9)||—0°32 | —0°61 |—o°52 


—o'36 Or 
—1°13 |— ror 
— 0°36 |—0'47 


—0°97 |— 0°88 
— 0°41 |—-0°38 


Dail. ext.|| 0°32] 0°27] 0°20 0°09} 0°09 0°07| 0°36 


(Dove.] Tarvanprum.—Corrections for the Hours of Observation to the Mean 
Temperatures of the respective Months. 


Hours. Jan Feb. 

Morn. x || 4°42 4°03 

21 S33] 495 

3 6°03 6°12 

4 695) 7°31 

5|| 7°56) S15 

6/| 7°34} Sox 

7|| Gor] 6°59 

Bl; 3°56| 3°92 

9]] O74 x] oso 

10 || ~— 2°84 | — 2°97 

IT} — S°S§k |— 5°85 

Noon ..l}—7-a5 | — 7°58 

17°92 | — 8°17 

2 — 7°76 | — 7°83 

3 |—7°°9 | — 6°98 

4||— 6°17 | — 5°99 

5 ||— 5°33 |—4°88 

6 || — 3°92 |— 3°74 

7 | 2°§0 | — 2°45 

8 || —o'g2 |— 1°04 

9l| o68]| 0°38 

Tol) 2:05| 1°64 

_, Ui} 308] 2°57 

Midn... 3°33 3°31 

6. 6 e7rl 2°14 

7: 7 1°76| 2°07 

88 x33] 44 

* 9 0°54) 9°43 
10.10 


;* —0°6s5 


+ 2. 9]: — 0°36 |—o'29 


7 
6 2. 8!|—o-45 |—o'29 
6 


» 210 O°S4 


0°61 


» 2. 6 — 24g ]—r'19 


2 |—0o88 
2 |i—2°12 
| I i—2°38 
; & t —o'97 


9-12.3.9 —3°31 
1 2..2(9) —O1II 


—0°63 
— 1°96 
—2°14 
—9°79 


—3°42 
—O°r1! 


0°97 
lor 
0°79 
0°36 
—o'18 


—0°27 
—o'18 

0°23 
—o'g0 


—115 
— 1°87 
—1'89 
—117 


— 1°96 
0°36 


July. 


i+) 

2°41 
2°75 
3°17 
3°58 


3°76 
3°49 
2°68 
3°35 


—0'27 
—I'91 
—3°33 
4°32 


—4°79 
4°77 
—4°30 
—3°51 


—2°52 
— 1°40 
—0'29 

0°68 


1°40 
1°85 
2°09 
2°23 


1°04 
1°39 
rol 
0°56 
—0'o2 


—0'33 
—0°20 

o18 
—0'go 


— 1°06 
—1'71 
— 1°73 
— 1°06 


—1°87 
0°18 


Aug. | Sept. | Oct. 


2°88 
3°24 
3°74 
4°21 


441 
407 
3°06 
1°49 


— 0°45 
—2°41 
—4'°05 
— 5°18 


— 5°69 
— 5°60 
— 5°04 
—q 10 


—_— 2°90 
—1°58 
—0°27 

o"g0 


1°76 
2°30 
2°54 
268 


1°24. 
1°40 
rig 
0°65 
—0°07 


—0'27 
— 0°20 

0°25 
~~ I°O4 
— 1°28 
— 2°07 
—2°12 
— 1°33 


—2'23 
0°25 


—0°29 
—o°18 

0°25 
— 0°92 


—1°3! 
—2°18 
—2°32 
—_ 1°44 


—2°39 
0°20 


0°97 


1°71 
2°25 
2°57 
2°81 


[Dove.} 


+ 2. 9]! — 0°36 
. 2 8) —0°25 


Ls) 
e 
a NY 


9.12.3. 
JoMebe 6) 


Dail. ext. 


7 

6 

6. 2.10) —0°32 
6. 2. 6 


—0o's50 
—0°65 
— 0°36 
—0°68 
— 0°47 


— 0°92 
—0'23 


—o'"“41 


GREENWIcH.—Corrections for the Hours of Observation to the Mean 
Temperatures of the respective Months. 


Feb. | March 
° oe 
1°§3| 2°90 
185) 3°24 
2°14] 3°65 
2°30| 4°r0 
2°32) 439 
2°18) 4°34 
1°89] 3°79 
1°37| 2°50 
0°59] 0°68 
— 0°45 |— 1°49 
— 1°69 |— 3°60 
— 2°86 |— 5°29 
— 3°74 |—,6°28 
—4'07 |—6"41 
— 3°76 |— 5°78 
— 2°90 |—4°61 
— 1°76 |— 3°15 
—0°§9 |— 1°69 
0°32 | —0°38 
0°83/ 0°68 
1°04| 1°46 
1°08| 2°00 
x0] 2°36 
1°26| 2°63 
o8r{ 1°33 
ro] 1°69 
x0} 1°60 
o-8r| 3°08 
0°32] 0°27 
—0°38 |—o'41 
— 0°36 |—0'47 


—o'83 |— ror 


—0°72 


Cs) 

7°04. 
7°43 
7°67 
7°65 


7°07 
5°67 
3°44 
0°63 


—2°30 
—4°77 
— 6°50 
—7°38 


—7°63 
—7°52 
— 7°22 
—6°77 


— 6°01 
—473 
— 2°84 
— 0°54 


1°82 
3°92 
5°45 
6°44 


0°47 
0°29 
0°05 
—0°23 
— 0°43 


—O°74 
— 0°79 

0°70 
—2°18 
— 2°05 
— 3°44 
—3°5! 
— 2°09 
— 3°78 
—O!r! 


0°02 


July. 


Cs) 

5°87 
6°10 
6°17 
6°10 


5°69 
4°75 
3°11 
0°90 
— 1°60 
— 3°89 
— 5°65 
— 6°62 


— 6°84 
— 6°55 
— 6°01 
— 5°36 


— 4°57 
—3°53 
—2°16 
—0°43 


1°49 
3°17 
4°52 
5°40 


0°61 
0°47 
0°23 
— 0°09 
—0°36 


— 0°68 
— 0°74 

0°45 
—1°78 


—173 
—2°84 
— 2°97 
— 1°87 


— 3°20 
—Oo'14 


4°07 
Li 8 | 
5°65 


1°04 
1°22 
1°08 
0°63 
0°02 


—0o'56 
— 0°68 

0°50 
— 2°03 


— 2°09 
— 3°29 
— 3°35 
—2°16 


— 3°49 
0°20 


— 0°34 | 0°95 |— 3°06 


Dec. | Mean. 
0°90 3°73 
Wiz] 4°03 
1°33] 473° 
140} 4°43 
40} 4°30 
1°35 | 3°78 
1°28! 2°79 
ro8 | = 1°33 
0°63 | — 0°43 

— 0°09 | — 2°27 
— 1°04 | — 3°89 
— 1°96 |— 5-13 
— 2°63 |— 5°74 
—2°81 |— 5°76 
— 2°48 |— 5°27 
P71 |— 4°39 
—O'81 |— 3°26 
— 0°02 |— 2°00 
0°45 |—- 9°77 
O59] O41 
0°52 | 3°40 
0°43 | 2°23 
0°45| 2°86 
0°63 / 3°33) 
0°68} 0°90; 
o°86| ror, 
0°83} 0°88 
0°56| osc 


—0°72, |—0°68 | 


[Dove.] Piymouts.—Corrections for the Hours of Observation to the Mean 
Temperatures of the respective Months. 


° ° ° 

forn. 1 0°86 1°46 2°32 4°01 0°95| 2°95 
2 o°90| 1°67; 2°63) 4°43 0°86] 3°29 
3 || o°99) 3°87) 3°02) 4°91 0°74| 3°60 
4 B°rg| 2x2] 3°3rt §°33 o81| 3°76 
5 || 3°37] 2°36] 3°40] 4°91 r°0g.| 3°65 
6 1°§3| 2°48| 3°08] 3:98 1°3I{ 3°02 
7 1°46] 2°30] 2°25] 2°39 1°40] 1°94 
8 | r°ro| 1°67] 0°97) 0°29 1°I3} O°50 
9 0°36! 0°59 }—0°63 |— 1°94 O'>*EI|— 1°15 
10 |—0°61 |—0°83 | —2°23 |— 3°94 — 0°61 | —2°68 
11 || — 31°58 |--2°25 |— 3°56 |— 5"40 — 1°67 | — 3°92 
— 2°32 |—3°33 | 4°43 | — 6°17 — 2°43 |—4°64 


Noon 1 \—2 63 |—3°85 |-—-4°70 | — 6°37 —2°70 | — 4°86 
2 |— 2°50 |— 3°69 |—4°43 | 5°99 3°45 |—4°61 
3 || — 1°96 — 3°02 | — 3°74 | — 5°22 —1°85|—4°01 
4 |— 126 —2'07 j--2°8r |— 4°14 —1°10]— 3°13 
5 I—o 59 |— 1°10 |— 1°76 | — 2°86 —O'41 |—2°12 
6 || —0°07 |—0°38 | —0°74 |— 1°42 0°05 | — 1°06 
7 0°29] o'09| O14] © 0°34.|—0°05 
3 0°50} 0°36} 0°86] 1°26 o°s2| 0°81 

9 | 0°63] 0°56] 1°35| 2°25 o°72| 1°55]. 
10 0°72] 077) 1°69{| 2°93 0°83] 2°05 
ou 0'79| O99] 3189!) 3°35 ror} 2°39 
Midn... 0°83] 1°26/ 2°07| 3°67 1°04] 2°66 
6. 6 074] 06] x27; 1°28 0°68] 0°99 
77 o°88/ rig} rig) 1x9 0°88} 0°95 
8. 8 o8r/ ror] 0°92] 0o°79 0°83] 0°65 
9. 9 O'50/ o'59| 0°36{ 0°16 0°56] 0°20 
10.10 0°07 |—-0'05 |— 0°27 |— 0°52 0°14, | —0°32 
7- 2. Ql —0°14 | —0°27 |—0°27 |-—- 0°45 —O°rr |—0'°38 
6. 2. 8]|—0°16 |—or2g |—0'16 |— 0°25 —0'20 }—0°25 
6. 2 ro —o°09 |—0'16| or; 0°32 —o'og| 016 
6. 2. 6/~0°34 |—0'54 |—0°70 |— 1°35 —0°36 |—0'83 
7-2 {}—0°52 |—o'7Jo |— 3°10 |— 3°80 —0°S4|—1°35 
8.2 ||—0°70 |—1°01 |—1°73 |— 2°86 — 0°63 |—2°07 
8. 4 }~0°977 |— 1°30 |— 1°87 |— 3°04 —0°79 | —2°21 
72 X f!—0°59 |—0'79 |— 1°24 |— 2°00 —0°6s5 |— 1°46 
9-12.3.9 ||—0°83 |—1°32 |— 1°87 |—2°77 0°79 |— 2°07 
7-2 2() 0°07 |—0°07| o'x4| 0°23 O°09| O'1T 


[Dove.] Lerrxa.—Corrections for the Hours of Observation to the Mean Temperatures 
of the respective Months. 


Bours. Jan. Feb. | March.| April. | May. July. |August.| Sept. 
Morn. 1 o°3 $| 0:86 1°76 3 ‘02 3°04 2'9 5 
2 o°61{ 077] 1°98] 3°92] 3°47 3°20 
3 {| 0°68) 077) 2°41] 4°57] 3°96 3°49 
4 0°95] 995) 3°59) S°3I] 441 3°72 
§ || x06] m17] 2°75) 549] 4°28 3°65 
6 x06] 331) 2°79] §°36] 3°51 3°26 
7 || O°97| 32g] 2°48] 3°47] 2°66 2°25 
8 o°88| 1°26! 380] 2°13] 340 1°08 


o°61} 0797! Oo'82)/—0°27| ovr 


9 
10 0°16 |—0°07} = 0°18 |— 2°00 |— 1°06 — 1°26 
II || —0°34 |—0°97 |— 1°22 |— 3°02 | —2°00 — 23°03 
Noon... ||— 1°04 |— 12°69 | — 2°61 |— 3°92 |—2°75 —2°99 
Xl 1°42 [— 2°25 | — 3°97 |— 4°37 |— 3°35 — 3°44 
2 || — 1°58 |—2°23 |— 3°29 |—4°73 |— 3°78 —3°65 
3 || — 1°60 |—2°27 | — 3°38 | — 5°09 | — 3°85 — 3°65 
4 ||— 3°19 |— 1°73 |— 3°33 |—4°79 | 4°19 — 3°87 
§ \|\—0°68 |—0°95 | —2°84 | 4°25 |— 4°03 — 3°76 
6 |l—0°45 |—0°47 |—2°14 | — 3°83 |— 3°51 — 3°47 
7 ||} —o°og |— 0°09 |— 1°17 | — 2°45 |—2°62 -r 
8 O14] 0°32 |—0'45 | —O°8 1 |— 1°17 —O'4q! 
9 0°23] o°6r} o25] 0°38] 0°32 0°59 
10 |} of18| 0°88] o77| 1°08| 0°86 3°58 
+o 0°32| 0°99] 1°91] 2°38] 1°69 2°23 


Midn... |] 0°38] ror] 344] 2°68] 2°32 


6. 6 0°32] 043] 0°34] 0°77] 0°00 —O'rI 
7 0°45] 0O°§9| 0°65] O°52a} O'02 0°29 
8. 8 0°52] 0°79] 0°68] o°70] orm: 0°34 
% 9 0°43] O°70]/ 0°54] O°07| 0°23 0°05 
10.10 O18] O41] 0°47 |—0°47 |—O'1T 0°16 
7+ 2% g ||} —o°14 |—0°14g | — 0°18 | — 0°29 |— 0°27 —0°27 
6. 2. 8 ||—0'14 |—0°20 |—0°32 |—0'07 |—0°47 —0'27 
6. 2.10 ||—orrr|—o'02| o'09| 0°56] 0°20 O41 
6. 2. 6 — 0°32 |—0°47 |—0°88 | — 1°06 |— 1°26 — 1°28 |— 1°01 
7-2 — 0°32 |—0°’50 | —0'41 | —0°63 |—0°56 —0°70 
8. 2 — 0°36 |—0°50 | —0°74 | — 1°28 |— 119 — 1°28 
8. 5 — 0°27 |—-0°§0 |—0°S9 | — 1°10 |— 0°99 —I'19 
oe — 0°23 |—0°52 |—0'25 |—0'45 | — 0°36 —o°61 


7 230 —0'45 |—0°65 | — 1°24 | — 2°23 |— 2°55 |— 31°71 |— 1°94 | — 1°64 
9)ii— 0°05 | 0°07 |—o°09 | —0°14 | —0°14 | — 0°16 | — 0°20 | —0°07 
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Third Report on the Calculation of the Gaussian Constants for 1829. 
By A. Erman and H. PeTersen. 


Iw the last table of the 24 final equations corresponding to the whole of the 
610 pamary equations, the following errors made by slight mistakes and 


found by a last and most general revision are thus to be corrected :— 
In the 5th equation, lst column, read +-335°56 instead of +-273°31. 

» Sth » 9th 5 -66°6465Ag% » «B64 3BB AHI, 
» 6th , Ist » = 2803-90 » = 2800,28. 
» sth , Ist »  $3166-33 » 3152-00, 
» th , 20th ” +-41°8175 AA»! ” +20°1949 4A*!, 
» 10th , 18th 9» -+-132°6097 Ag®® si, +10°7809 Ag®. 
» 14th ” Ist ” — 46°87 ” —108°55. 


» Wh , Heth » _-+132°6097 dg29 s,s -10°7809 Age. 
» 8th , 6th » 666465 6A is, Ss 4-56-4365 48, 


» 9th , Ist » 466711 » 464581. 

» 19h , 10th »  F418175 AA =, 4201949 ARM. 
» 2lset ,, Ist 1» 90-09 » +7316. 

» 22rd , Ist » 67779 » + 737°79. 


By resolving the thus corrected 24 equations, the following values for the 
corrections of the Gaussian constants are derived :~= 


$-125-952 


AAD! os 


Moreover, the mean error for one of the 610 primary equations having 
been=39°3, it will now, by applying the above-mentioned corrections to the 
Gaussian constants, be reduced to 20°8. 


The weights of some of those corrections are, for instance, — 
of AA*'=3°1, of 1=36°5, of Af'=28°8, of AA“ =28°1, 


whence the mean error :— 
for AA*'=11°8, for Ag =8°2, for Ag”’=7°2, for Ak'=$°9. 


In order to compare the old errors of the primary equations called x, with 
the corresponding errors after the substitution of the new values of the 
Gaussian constants, we have chosen 9 stations situated the furthest possible 
from each other. 

2c 
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Stations and elements. | Latitude. 


Moskow, IL. ........ 2. | 55 45 
Moskow, II. ...-+..0. y.|55 45 
Moskow, II.......... # | 55 45 


a 
~ 
© 


ed 
a7 * 
im dh 


and is reduced to 


N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N 

N. 
N. 
N. 
Ss. 
S. 
8. 
S. 
Ss. 
Ss 


Rio de Janeiro ...... y. 
Rio de Janeiro ...... z. 
Portsmouth. ......... 2 
Portsmouth ......... y. 
Portsmouth ......... Z. 


” 
13 
13 
13 

7 

7 

7 
29 
29 
29 
44 
44 
44 
44 
44 
44 
37 
37 
37 
30 
30 
30 
54 
54 
54 
20 
20 
20 


8 
8 
8 
0 2 
0 2 
0 2 
56 28 
56 28 
56 28 
25 23 
22 53 
22 53 
50 44 
50 44 
50 44 


AZAZZANN 


This correspondence seems highly satisfactory, but we must admit, that 
perhaps a like perfect one may not be found for the magnetical phenomena 
in those meridians of the eouthern hemisphere, in which the higher latitudes 
have not been represented by our observations. 
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Report of the Commitiee appointed at the Southampton Meeting of the British 
Uiesociation in 1846, to complete the Printing of, and to Publish and Dis- 
tribute the Catalogues of Lalande and Lacuille, with a Provisional Grant 
of £70, exclusive of a Balance of £81 1s. 7d. of a Grant from Government, 
at their disposul. 

1. Tar the printing of the two Catalogues has been completed. 

2. That, agreeably to the recommendation of your Committee, approved 
by your Council and sanctioned by Her Majesty's Government, Lalande’s 
Catalogue has been published at the price of 21s., and Lacaille’s at 5s. for 
each copy respectively ;.and a copy of each catalogue has been presented in 
the name of the Association to each of the following public observatories :— 
1. Armagh. 2. Bombay. 3. Cambridge. 4. Cape of Good Hope. 5. Dublin. 
6. Durbam. 7. Edinburgh. 8. Glasgow. 9. Greenwich. 10. Liverpool. 
11. Madras. 12. Oxford. 

$8. That the balance of the Government grant of £1000 for printing and 
publishing these Catalogues, was at the last meeting in 1846, £81 8s. 7d., the 
whole of which has been expended in payments to Messrs. Taylor for printing 
(on account), £57 13s. 7d. For binding MSS., £23 8s. 

4. That the whole of the provisional grant of £70 has also been ex- 
pended in payments to Messrs. Taylor for the balance of their account for 
printing, £54 19s. lld. For boarding 200 copies of each Catalogue, 
£15 Os. 1d. 

5. That Messrs. Taylors’ and Mr. Gyde’s accounts accompany this Report: 
—that no further claims exist in relation to the Catalogues, and that no 
further grant, or re-appointment of the Committee, is necessary. 

6. That the total cost of Lalande’s Catalogue has been £1525 19s. 1d., of 
which the following are the particulars :— 

Books .... . +... 9 18 
Skeleton forms ..... 4210 
Calculations . .. =... 606 O 
Printing 350 copies and paper. 682 O 
Superintendence of the press . 156 10 
Binding MSS... .... 19 9 6 

Boarding 200 Catalogues . . 910 0—£1525 19 1! 

7. That the total cost’ of Lacaille’s Catalogue has been £297 9s. 5d., of 

which the following are the particulars :— 
Calculations. . ...-. 95 0 0 
Printing 350 copies and paper. 180 13 0 
Superintendence of the press . 12 7 10 
Binding MSS... . .. . 318 6 
Boarding 200 Catalogues . . 510 1—£297 4 5 

8. That of the total cost of the two Catalogues, viz. £1823 8s. 6d., Her Ma- 
jesty’s Government has contributed £1000, and the Association £823 8s. 6d. 

9. That instructions have been given to the Publishers (Messrs. R. and 
J. E. Taylor) to deposit the following books, &c. connected with the Cata- 
logues, at the Kew Observatory :— 

Histoire Céleste, 1 vol. 4to. Schumacher’s Tables of Reduction, | vol. 8vo. 
Harding’s Atlas ( ounted). Calculations relating to Lalande’s Catalogue, 
96 vols. 8vo, MSS. Lalande’s Catalogue for the printer, 3 vols. fol. MSS. 
Calculations relating to Lacaille’s Catalogue, 24 vols. 8vo, MSS. _Lacaille’s 
Catalogue for the printer, 1 vol. fol. MSS. Henderson’s Tables, 1 vol. fol. 
MSS. Six Maps of the Stars, mounted on canvas, ina case. Sundry Papers 
relating to the Catalogues. 

Nautical Almanac Office, J. F. W. HerscuHe. 
June 18th, 1847. W. S. STRATFORD. 
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On a Method of definite Integration. By Grorce Boote, M.A. 
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By M. Boncnarpr. 


On anew Theory of the Polarization of Light. 
By the Rev. Professor CHauuis, M.A., F.R.A.S.. 


In this theory the ether is regarded as a continuous fluid substance, and is treated 
mathematically on hydrodynamical principles. By means of a new general equation 
in hydrodynamics, which the author has discovered, he shows that a filament of the 
fluid may continue in agitation without lateral spreading, and that motion may be 
propagated along it uniformly, provided the motion consist of vibrations partly lon- 
gitudinal and partly transversal, following the law of sines. Such a filament in 
motion is supposed to correspond to a ray of light. The sensation of light is due to 
the transverse vibrations. In a ray of common light, the transverse motion is in 
planes passing through the axis of the ray, and is alike in all directions from the 
axis; in a plane-polarized ray the transverse motion is in planes not passing through 
the axis; and in an elliptically polarized ray the transverse vibrations are elliptical. 
Professor Challis has extended his theory to the phenomena of double refraction, 
by a method which involves a new theory of the dispersion of light. He finds the 
surface of elasticity to be that of an ellipsoid, which is not in accordance with Fres- 
nel’s theory of double refraction. The equation of the wave-surface is, however, the 
same as in Fresnel’s theory. 


On the Theory of Equilibrium of Floating Bodies. 
By M. Davipow (communicated by Prof. Braschmann). 


This theory gives all positions of equilibrium for any floating body, and contains 
new investigations on the general theory of stability of equilibrium, with their appli- 
cations to floating bodies. The determination of all equilibrium-positions offers 
great difficulties to analysis. Dupin resolved this problem geometrically in his 
‘Applications de Géométrie et de Mécanique,’ but M. Davidow has given a general 
analytic solution of the problem with numerous applications. 

I. Determination of the Equilibrium-posttions of Floating Bodies.—A body immerged 
into a fluid remains, as well known, in equilibrium when the weight of the removed 
fluid is equal to that of the body, and when the line which unites the centre of gra- 
vity of the body with that of the immerged volume is perpendicular to the surface of 
the fluid. 

‘These two conditions suffer some little change if we consider that the body is 
partly immerged into one fluid and partly into another—the air; and that besides it 
there exists between the particles of the floating body and those of the fluid a mutual 
influaence—capillary action, &c. The investigation of the equilibrium-positions of a 
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body reduces itself to the geometric problem : to separate from a body by a plane a 
certain volume in such a manner that its centre of gravity may be with that of the 
whole body in one straight line, perpendicular to the plane which is to be drawn. 

(For brevity we shall call the centre of gravity of the whole body briefly centre of 
gravity, and that of the separated volume the volume’s centre.] For equilibrium- 
positions, where the generating lines of cylinders or prisms are horizontal, the pro- 
blem is of two dimensions, and reduced to this: to separate from the area contained 
within the curve A BC D, by a straight line AC, 
such an area ADC, that its centre of gravity f 
may be with that of the whole area g on a line 
gf perpendicular to AC. Let the equation of 
the curve ABCD be y=f(z); that of AC 
y=—ar+6, 2%, ¥); 2, y the coordinates of the 
points A and C; €, » those of the centre of gra- 
vity of the area ADC; and finally « the area 
A DC, we have then 
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and for the condition, that the area u does not change when the position of A C 
varies, we find 


12% 


*.* the tangent to any point of the curve formed by the volume’s centre is parallel to 
the separating line which corresponds to this point. The solution of the problem is 
thus reduced; to draw a normal from the centre of gravity to the curve of the 
volume’s centre. This normil contains the centre of gravity of the whole area and 
that of the separated part, and is perpendicular to the separating line, corresponding 
to the point of intersection of the normal with the curve. The direction of such a 
normal determines therefore the position of the floating body, and as many normals 
as there are possible to draw from the centre of gravity, as many positions of equili- 
brium there exist. If the curve ADC be one of the second order, then the curve 
of the centres as well as that which involves the separating line, must also be of the 
second order, and of the same nature as the first. If the separating line AC moves 
in the angle of two'straight lines, then the curve of the volume’s centre is an hyper- 
bola, the asymptotes of which are the sides of the angle. For two parallel lines 
this curve is a parabola. The radius of curvature in any point of the curve of the 
volume’s centre is equal to the cube of the length of the corresponding cutting line 
(chord) divided by the constant quantity 12u. The centre curves are limited lines, 
revolving in themselves, and in none of their points is the radius of curvature infinite 
or undetermined. 

To consider now the problem in three dimensions, let the equation of the surface 
of the body be z=/(z, y), that of the plane which separates from the body a given 
volume v be z=az+-by+c, é, n, ¢ the coordinates of the centre of gravity of this 


volume, then is 
vaffi fe, y)—a2—by—c}dzdy, 
=ffi se, 9) —a2—by—c]adedy, 
m=ffi te, y)—az—by—clydedy, 
r= fftfe, y)—CGrtbyt oldedy, 


_».)8 
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where the double integrals refer to all elements of the area of the body’s intersection 
with the plane z=az+-by+c. If we change the position of this plane in such a 
manner that v remains constant, we obtain 


daf frdzdy + dbffydzdy + dof fdzdy=0, 
vdf=—daffardedy — dbf fzydzdy— dof fzdady, 


vdy= —daffzydedy — dbf fydady —dof fydedy, d=adg-+bdn. 


The last of these equations shows that the tangent plane in any point to the 
centre’s surface is parallel to a cutting plane corresponding with this point, so that the 
direction of the normal drawn from the centre of gravity to the surface of the centres 
indicates the position of equilibrium of the floating body. If the body be limited 
by a surface of the second order, then the surface of the centres will also be of the 
second degree, and of the same nature as that of the body. For a triangular py- 
ramid the equation of the centre’s surface is an algebraic of the third degree, for a 
triangular prism it represents @ parabolic hyperboloid. If the cutting plane ro- 
tates about any axis through the centre of gravity of its area, then the volume’s centre 


1 
describes a curve of which the radius of curvature R= +5 (M+R). where 


M is the moment of inertia of the cutting area about the axis of rotation, and 
P=ffeydedy. (The origin of the coordinates is taken in the centre of gravity of 


the cutting area, and the axis of rotation as that of the x.) The surface of the 
volume’s centre is a limited one, and nowhere can its radius of curvature be infinite 
or undetermined. 

An elliptic cylinder can have in general eight equilibrium-positions in which the 
generating line is horizontal. If the centre of gravity be in one of the axes of the 
ellipse, then there are in general six positions for the equilibrium ; but there are cer- 
tain distances of the centre of gravity from the centre of the ellipse for which the 
equilibrium-positions are only two. If the centre of gravity coincides with the centre 
of the ellipse, there are four equilibrium-positions. A cylinder, the directrix of which 
consists of an hyperbolic curve and a straight line, and which floats in such a man- 
ner that the straight line is without the fluid and the generating line horizontal, can 
have four equilibrium-positions ; for the parabolic curve there are only three. A 
right trilateral prism, whose centre of gravity coincides with that of its volume, can 
have five equilibrium-positions when the whole surface is immerged ; but there are 
only four equilibriam-positions for every one of its angles immerged or without the 
fluid. An ellipsoid can have in general twelve equilibrium-positions. If the centre 
of gravity is in one of the axes, then are only two positions possible, except the case 
when the ellipsoid is of rotation. If the centre of gravity coincides with the centre 
of the ellipsoid, then there are six equilibrium-positions. 

Il. Stability of Equiltbrium of Floating Bodies.—This theory contains both cases-— 
the system of discontinuous and that of continuous mass. The small motion about 
the position of neutral equilibrium is shown to be represented by elliptic and ultra- 
elliptic functions; but I pass the general theory, and proceed directly to the stability 
of. floating bodies. The complete moment of the forces acting on the floating body 
is— 


yf] sim — Buf ff ryan + Naf ff szdm— yf f gerdedy + dof faeeydedy | 16 (AD 
—~Iya— ff gexzizds. 


The triple integrals refer to the whole mass of the floating body, the double only 
to the immerged volume: Sy denotes an arbitrary infinite small displacement of the 
centre of gravity in a vertical direction; dy, and éy, are infinite small angles of 
rotation about two horizontal axes, which are perpendicular to one another; g de- 
notes the action of the gravity ; ¢ the density of the fluid ; dm the element of the body’s 
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mass. The plane of zy is in the surface of the fluid, and the origin of coordinates 
in the centre of gravity of the area of intersection. 

If we change a little the position of the floating body so that the surface of the 
fluid may cut it in another direction, then the moment of the forces will also change. 
The increases of the double integrals which arise from the alteration of the limits 
disappear. If we have regard to the conditions of equilibrium and denote by dy" 
the infinite smal! angle of rotation ubout the axis, in which the new section cuts the 
other, by M the moment of inertia of the cutting area about the same axis, by S the 


area of the section, by » the immerged volume, by 2 and ¢ the distances of the centre 
of gravity and that of the volume’s centre from the cutting plane, then the increase 
of the expression (A.) takes the following form : 


—dy'2.0(s—()—8y'2.S—dy'2.M : 

for all displacements 3y and dy' which make this expression positive, the equili- 
brium is labile, it is stable for the displacements dy, dy! which give a negative value 
for this expression, if they reduce it to zero, then the equilibrium is neutral for them. 

The application of these results to the floating cylinder with its generating line 
horizontal shows, that if the centre of curvature in that point of the centre curve, which 
corresponds to the equilibrium-position, lies higher than the centre of gravity, then 
this position is stable ; if it lies lower, the equilibrium is labile, or the equilibrium is 
stable if the distance of the centre of gravity from the centre curve is a maximum, 
it is labile if this distance isa minimum. The equilibriam of any body is stable if the 
smallest radius of curvature in that point of the centre surface, which corresponds to 
the position of equilibrium, is greater than the distance of the same point from the 
centre of gravity. The equilibrium is labile if this distance is greater than the 
greatest radius of curvature. The equilibrium can be neutral for all directions only, 
when the surface of the centres offers in the point, which corresponds to the equili- 
brium-position, an ombilic. I will yet cite some few of the applications. A para- 
bolic cylinder can have three equilibrium-positions. If that of the middle is stable, 
then the two others are impossible; if that of the middle is labile, then there exist 
always the two others, and they are stable. Somewhat similar happens with ellip- 
tic and hyperbolic cylinders. An ellipsoid of rotation, which has its centre of gra- 
vity in the axis of rotation, may have, besides the position in which this axis is ver- 
tically, yet innumerable others which are not possible when the first position is 
stable, and they are only then possible if the first position offers a labile equilibrium. 
Right prisms, of equal heights and different regular polygon bases of equal area, 
have, immerged with their bases, an equilibrium, which is the more stable the 
smaller the number of their sides. ‘The equilibrium has the greatest stability if the 
basis is an equilateral triangle, the smallest if it is a circle. But if the basis is an 
equicrural rectangular triangle, then the stability is smaller than in the case of the 
basis being a quadrate or an equilateral triangle*. 


On some Applicat Of the Caleulus of Quaternions to the Theory of the Moon. 
By Prof. Sir W. R. Hamitton, Astronomer Royal of I: . 


Example of an Isoperimetrical Problem treated by the Calculus of Quaternions. 
By Prof. Sir W. R. Hamitton, Astronomer Royal of Ireland. 


* ‘When an elliptic cylinder with its axis horizontal floats in equilibrium with one of the 
principal axes of the elliptic section vertical, there is a second position of equilibrium for 
which the same axis is vertical, corresponding to the reversed position of the elliptic cylinder. 
The author appears to have overlooked the circumstance that this is no longer true when 
the vertical through the centre of gravity in the position of equilibrium does not coincide 
with one of the principal axes of the section. Thus there cannot be morg than four posi- 
tions of equilibrium of an elliptic cylinder floating with its axis horizontal, smce there is only 
one position of equilibrium corresponding to each normal. (Note by Secretary of Section A.) 
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On the Summation of certain Circular Functions. 
By the Rev. Professor JaAnrettT, M.A. 

The equation = sin 2—5.sin 22+ = sin 3x — &c. is found in many works on 
the differential calcalus, and various paradoxical conclusions have been deduced from 
it. The design of this paper is to show that the equation is not true as a general 
theorem, however correct it may be when the value of 2 is confined within certain 
limits. 

If the equation were generally true, then the series on the right side ought, when 
expanded according to ascending powers of 2, to have zero for every coefficient after 
that of the first power. 

a 


Putting 0(f) for ¢ terms of this series, and substituting z— — + ne &e. 


@r—1 
for sin x, we shall find the coefficient of (—D ae Q() to be 177-3 


— 7-74.37 9 &e. +t” —3, 


Since these terms are alternately positive and negative, it is convenient to consider 
separately the case of an even and of an odd number of terms; and we shall have 


a zs ai 
$2) = 5 (2-41) — 75 (84+ 8A — 1) +5 —,.(320 4-420 — 208+ 31) 


— (1280 + 2560 ~ 22484112171) + &e. 


and $(¢+1) 002-41) — (24 3t4 1) 4 (BHP AL 9L+ 


7 
— {7 (32H + 1448 4240044 18088 + 6004-9241) 


“+ pp(1280 4 76807-+-179248-4 2016484 11204433644 1120433441 )— &e. 


It will be seen, therefore, that in the case of an even number of terms, however 
great, the first power of x vanishes, instead of being the only one that is left; while, 
on the other hand, not one of the other odd powers disappears. Also, if an odd 
number of terms are taken, the first power of x does not indeed vanish, but its co- 
efficient is the least of the whole series, while the coefficient of every other term be- 
comes greater and greater as the number of terms in the original series is increased. 

Whether, therefore, we stop at an even or at an odd number of terms, the equa- 
tion in question cannot be generally true. 

An examination of the usual methods of demonstrating the supposed equation 
will show that the correct result is 


= = sing ~+ sin des. sin 32 — &e. +5. sin fx 


2 2 
yp £2 c0s(t+-1)at cos tet /=1{ sin (t4+1)2—sin te} 
+ De. ae 1+cosz-++- V —l. sing ; 


On a new Proof of the Principle of Virtual Velocities. 
By the Rev. B. Pricer, M.A. 


On the Fundamental Laws of Motion and Equilibrium. 
By W. Srotriswoonr, B.A. - 
The paper consists of an @ priori deduction of the laws of motion and equilibrium, 


and an explanation of a fundamental connexion between the sciences of dynamics 
and statics. 
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On the Resistance of a Fluid to two Oscillating Spheres. 


By G. G. Sroxes, #.A. 
The object of this communication was to show the application of Professor Thom- 
son’s method of images to the solution of certain problems in Hydrod ics. 


Suppose that there exists in an infinite mass of incompressible fluid a point from 
which, or to which the fluid is flowing with a velocity alike in all directions. Con- 
ceive now two such points, of intensities equal in magnitude and opposite in sign, 
to coexist in the fluid; and then suppose these points to approach, and ultimately 
coalesce, their intensities varying inversely as the distance between them. Let the 
resulting point be called a singular point of the second order. The motion of the 
fluid about a solid, oscillating sphere is the same as if the solid sphere were replaced 
by fluid, in the centre of which existed such a point. It is easy to show that the 
motion of a fluid due to a point of this kind, when the fluid is interrupted by a sphere 
having its centre in the axis of the singular point, is the same as if the sphere’s place 
were occupied by fluid containing one singular point of the second order. By the 
application of this principle may be found the resistance experienced by a sphere os- 
cillating ion presence of a fixed sphere or plane, or within a spherical envelope, the 
oscillation taking place in the line joining the centres, or perpendicular to the plane. 
In a similar manner may be found the resistance to two spheres which touch, or are 
connected i a rod, or to the solid made up of two spheres which cut, provided the 
exterior angle of the surfaces be a submultiple of two right angles, the oscillation in 
these cases also taking place in the line joining the centres. The numerical calcu- 
lation is very simple, and may be carried to any desired degree of accuracy. 


On Electrical Images. By W. THomson, Professor of Natural Philosophy 
in the University of Glasgow. 

There is no branch of natural philosophy of which the elementary laws are more 
simple than those which regulate the distribution of electricity upon conducting 
bodies ; yet its impracticability has always been the reproach of the mathematical 
theory of electricity. Very few of the varied and interesting problems which it pre- 
sents have been made subjects for investigation, on account of the apparently extreme 
complexity of the conditions to be satisfied ; and even when results have been forced 
from it by the analytical skill and energy of a Poisson, the physical interest has been 
almost lost in the struggle with mathematical difficulties, and the complexity of the 
solution has eluded that full interpretation without which the mind cannot be satis- 
fied in any analytical operations having for their object the investigation or expres- 
sion of truth in natural philosophy. 

The researches of our countryman Green have entirely removed this forbidding 
aspect from the theory of electricity, and led to the elementary propositions which 
must constitute the legitimate foundation of every perfect mathematical structure 
that is to be made from the materials furnished in the experimental laws by Coulomb. 
Not only do they afford natural and complete explanations of the beautiful qualita- 
tive experiments which have been so interesting at all times to practical electricians, 
but they suggest to the mathematician the simplest and most powerful methods of 
dealing with problems, which, if attacked by the mere force of analysis, must have 
remained for ever unsolved. 

The subject of this communication is ‘‘ the principle of electrical images,’’ which 
is suggested by Green’s elementary propositions, as the proper way of treating a 
great variety of problems that present themselves with reference to the distribu- 
tion of electricity on spherical conductors. The effect of a body electrified in any 
given manner upon an uninsulated sphere is shown to be completely represented 
by what may be called “ the image of the electrified body in the sphere,” and a sim- 
ple geometrical construction is given by which this image may be described. When 
an electrified body is placed in the neighbourhood of two uninsulated spheres, an in- 
ductive effect is produced which may be represented by an infinite series of ‘‘suc- 
cessive images’ ineach sphere. An algebraic expression of this result leads to solu- 
tions, by means of converging series, of the various problems which occur with re- 
ference to the distribution of the induced electricity, and the attractions exerted by 
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the two spheres. When a single conductor bounded by segments of two spherical 
surfaces cutting at an angle which is a submultiple of two right angles is electrified 
by the influence of a charged body, the effect may be represented by means of a finite 
number of images disposed in a symmetrical manner in the circumference of a circle 
passing through the exciting body, and cutting the two spherical surfaces at right 
angles. The principle of electrical images, as applied in these two cases, may be 
illustrated by a reference to the successive images of a candle placed between two 
parallel plane mirrors, and to the symmetrically arranged images which are seen in 
the kaleidoscope. 


Some Results of a new Calculation of the Perturbations of Uranus by the 
Planet Neptune. By J.C. Avams, M.A., F.RA.S. 


On the Height of Auroral Arches. By the Rev. Prof. Cnrvaruirn, F.R.A.S. 


Of all the phenomena of the aurora borealis, the arches which are occasionally 
seen nearly at right angles to the magnetic meridian are the most definite and per- 
manent, and seem to offer the most promising means of ascertaining the height of the 
region in which that modification of the aurora is formed. In the 118th Number of 
the Philosophical Transactions, Dr. Dalton has collected several facts on the sub- 
ject, and arrives at the conclusion that these arches are about 100 miles high. 
Having computed the height of three such arches, I am desirous of laying the re- 
sults briefly before the Association. The first was the aurora of March 22, 1841, 
observed at Dunse, near Berwick, by Mr. William Stevenson; at Durham, by myself; 
at Belfast, by Mr. Stevelly ; and at York, by Mr. Phillips. The observations con- 
tinued for more than an hour, from 85 566" Greenwich mean time to 10"; and the posi- 
tion of the arch was definitely fixed by its place among the fixed stars. The direction 
of the arch was magnetically east and west : its height was computed separately from 
the observations at York and Durham, York and Belfast, and Belfast and Durham ; 
the resulting altitudes being 156, 157, and 165 miles. The second auroral arch was 
observed on Sept. 21, 1846, at Esh, near Durham, by myself, and at Norwich by 
Mr. W. Marshall. It was visible only for about five minutes. The resulting height 
is 106 miles. This determination depends upon two observations only. The third 
auroral arch was seen on the 19th of March 1847. It was observed at Darlington, 
at Spalding in Lincolnshire, at Cambridge, at Norwich, in London, Oxford, at 
Amsterdam and Leeuwarden in Holland. The observations of Darlington and 
Cambridge, from a base of 172 miles, give an altitude of 175°9 miles; those of 
Spalding and Cambridge, from a base of 114 miles, give an altitude of 174°4 miles; 
and those of Spalding and Darlington, from a base of fifty-eight miles, give an alti- 
tude of 174°9 miles; the mean being 175 miles. The extensive area over which 
this arch was. observed is remarkable. A great magnetic disturbance took place at 
the same time, extending as far as Toronto. In connexion with the cause of these 
phenomena, it cannot escape notice that there is great similarity between the two 
kinds of auroral action and the two modes of magnetic action recently discovered 
by Mr. Faraday, the ordinary auroral beams being parallel to the direction of the 
magnetical meridian, and the arches being at right angles to that direction. 


On a Graphical Method of computing an Occultation. 
By the Rev. Prof. CHEVALIER, F.RA.S. 


This method is founded upon Bessel’s mode of computing the time of the occulta- 
tion of a star by the moon. The apparent place of a star, with respect to the centre 
of the moon, may be expressed by two groups of quantities; one depending upon 
the position of the moon with respect to the centre of the earth; the other depend- 
ing upon the place of observation. The quantities which compose the first group 
may be computed for a time near the middle of the occultation by simple formule ; 
and are already computed in the Berlin Ephemeris for all stars occulted at Berlin. 
The quantities which compose the second group may be taken from tables easily 
eomputed for a given place, or may be computed expressly for the given epoch, in a 
very simple manner. The differences of the corresponding quantities in each of these 
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groups is taken and laid down on a scale, in which the earth’s equatorial radius is 
the unit. A circle described with a radius 0°2725 represents on the same scale the , 
semidiameter of the moon: and the times of immersion and emersion of the star are 
given at once to the nearest minute by measurement on an accompanying scale; the 
places of immersion and emersion upon the moon’s disc being represented by the same 
process. The same scale once drawn serves for all occultations, 


On Meteors. By Dr. Forster. 


On the Moon's Atmosphere. By Jonn Groosy. 


Whether the moon has an atmosphere or body of air similar to that which sur- 
rounds the earth, has long been a fertile subject of dispute among philosophers ; 
some affirming its existence, and others as strenuously denying it. Some who take 
the negative side of the argument have urged, in defence of their opinion, the con- 
stant serenity of the moon’s surface, always undisturbed by clouds or vapours, and 
even the smallest of the numerous spots or maculz# which crowd her surface being 
at all times equally visible. This certainly would be a very strong argument against 
an atmosphere were the assertions on which it is founded to be relied upon. But 
this does not appear to be the case, for on the other hand there are many astrono- 
mers who affirm that the moon’s surface is not always equallyclear and distinct. Again, 
the existence of a lunar atmosphere has been denied, because the stars in an occul- 
tation, when just about to disappear behind the body of the moon, retain their full 
lustre till they seem to touch the very edge, and then vanish in a moment, which 
phzenomena (it is urged) could not happen if the moon were encompassed with an 
atmosphere. Here again the evidence of different astronomers is at variance, one 
party affirming and the other denying the fact. 

A third argument against the existence of an atmosphere (and the last I shall 
notice) is this: if (it is affirmed) the moon were surrounded by an atmosphere, then 
the duration of eclipses and occultations ought to be diminished by means of its 
refractive power, and hence a celebrated French astronomer (in a memoir written 
expressly on this subject) has endeavoured to demonstrate, that if such an atmo- 
sphere did exist, and its horizontal refraction amounted to only 8", there could never 
be a total eclipse of the sun. Many eminent astronomers concur with the one I 
have just quoted, in denying that anything like refraction can exist, or has ever been 
observed to exist about the moon; others equally eminent assert that they have ob- 
served the most unequivocal proofs of it. Both Halley and Euler speak of the evident 
distortion observable in the sun’s limb in total and annular eclipses. The latter in 
particular says, in the eclipse of the sun, which happened in July 1748, he observed 
that when the uncovered part of the sun resembled the moon in her quadrature, the 
horns of the solar crescent appeared to be bent outwards beyond the circle in which 
every other part of his disc was comprehended; and when the eclipse became annu- 
lar, the sun’s disc was dilated beyond the circle which formerly embraced it. This 
dilatation was also observed by M. Poleck at Frankfort, and was estimated by Euler 
at 25”. Here then we have one astronomer observing in a solar eclipse a refraction 
of 123", while another, from his observations, denies that any perceptible refraction 
does or can exist. 

From such contradictory evidence it seems extremely difficult to draw anything 
like a satisfactory conclusion. The author suggests, as a means of arriving at some 
positive inference on this subject, a careful observation of the approaching eclipse of 
Oct. 9th, directing attention to the two points or horns, as Euler calls them; he 
says, “if, previous to this, we take the diameter of the sun with a double image 
micrometer, and bring the contact of the images either to the point of one of these 
horns, or, what will be better, to the edge of the annulus the moment it is formed, we 
shall (if it be as Euler asserts) see the horn projected, or the annulus overlapping 
the other image. It may at first be imagined that this mode of observing the phex- 
nomenon will only enable us to ascertain whether there is any perceptible projec- 
tion or not; but it will do more, for if we note the time between the completion of 
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the annulus and the images ceasing to overlap (from the moon’s limb gradually 
receding from that of the sun), we shail then be able to calculate with considerable 
accuracy at what distance from the moon’s surface perceptible refraction ceases, and 
it is this which we want to know. It is scarcely necessary to observe that the same 
process reversed may also be used (and perhaps more advantageously) at the end of 
the annulus. 


On Spots in the Sun. By Henry Lawson, F.R.S. 


The object of this paper was to point out the advantages of employing, for observa- 
tions on solar spots, telescopes with large aperture. In using these instruments the 
author employs a peculiar eye-piece (see Brit. Ass. Report for 1846), which permits 
the whole aperture to be effective; and he has had several occasions of ascertaining 
that peculiar appearances and inequalities of illumination which the large apertures 
exhibit, are invisible with smaller apertures. 


On the Calculation of the Perturbations of Planets and Comets. 
By Sir J. W. Lussock, Bart., F.RS. 


The accuracy of the tables which give for an indefinite time the places of the older 
planets, is at present sufficient for the purposes of astronomy, and is commensurate 
with the accuracy of observation; or if this statement appears to be exaggerated, it 
will at least be admitted that the sensible errors which remain are owing rather to 
inadvertence in the numerical computation than to the imperfection of the method 
itself. Such a result is owing to the uninterrupted labours of the greatest mathe- 
maticians from the time of Newton, and is justly regarded as one of the greatest 
triumphs of human intelligence. But it must be recollected that these methods, by 
which the perturbations of the older planets have been obtained, are applicable only 
to the case of orbits nearly circular, and little inclined to each other; so that the 
general solution of the problem of the three bodies, as it is called, remains to the 
present day imperfect. The methods in use for the older planets are founded, as is 
well known, upon the development of the disturbing function in terms of the mean 
anomalies. M. Binet has indeed carried this development to quantities of the seventh 
order inclusive; but such a development is quite insufficient in the case of comets or 
planets moving in highly eccentric and inclined orbits, which problem presents far 
greater difficulty ; while the nature of the expression is such, that it is evidently im- 
practicable to carry further such a mode of development, even if the expressions were 
sufficiently convergent when the eccentricity passes a certain limit. 

The only memoir with which I am acquainted which professes to give a general 
solution of the problem otherwise than by mechanical quadratures, is due to M. Han- 
sen. This important work is translated in the ‘Conn. des Temps’ for 1847. That 
great mathematician has considered the case when r<r’, that is, when the disturbed 
body is inferior; and has illustrated the question by the numerical calculation of the 
perturbations of the comet of Encke by Saturn. M. Hansen develops the disturbing 
function according to multiple angles of the eccentric anomaly of the disturbed planet 
literally ; and first, according to multiple angles of the true anomaly of the disturb- 
ing planet; M. Hansen next converts the cosines and sines of the multiple angles of 
the true anomaly of the disturbing planet into sines and cosines of multiple angles 
of the mean anomaly of that planet; so that finally the disturbing function is exhi- 
bited in terms of the eccentric anomaly of the disturbed planet and the mean anomaly 
of the disturbing planet; but those series which serve to give the sines and cosines 
of the maltiples of the true anomaly, in terms of sines and cosines of the mean ano- 
maly, are not very convergent ; and the process becomes extremely laborious, even 
in the case which M. Hansen has considered, in which, in consequence of the great 
distance of Saturn, the approximation does not require to be carried nearly so far as 
in the case of the perturbations of the same comet by Jupiter, and in many others 
which may require consideration. Moreover, in this as iu every other mode which 
can be devised of developing the disturbing function Kterally, all quantities must be 
retained of a given order; although when they are of a different sign, in many in- 
stances they destroy each other; but such reductions cannot be foreseen. The nu- 
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merical substitutions are also extremely laborious, ia consequence of the multituda 
of terms which have to be considered. 

As the disturbing function, and others which require to be integrated, are finally 
exhibited by M. Hansen in terms of two variables, such that direct integration is 
impossible, M. Hansen has recourse to the integration par parties, in which each 
term by integration gives rise to a series of other terms, the nature of which is com- 
plicated. 

The method which I propose differs from that suggested by M. Hansen in every 
particular. Instead of attempting a literal development, I insert the numerical values 
of the elliptic constants in the earliest possible stage: by this means the radical, 
which expresses the mutual distance of the planets, is explicitly a fanction of sines 
and cosines of various angles with numerical coefficients. When r<r’, I develop 
in terms of the eccentric anomaly of m, after having obtained expressions for the 
co-ordinates of m’ in terms of the eccentric anomaly of m. Such expressions are 
easy to obtain, and are very convergent. It will be recollected that before I endea- 
voured to develop the disturbing function in the lunar theory in terms of the mean 
motions of the sun and moon, the invariable practice had been (see Mécanique Céleste, 
vol. iii. p. 189) to express the co-ordinates of the sun in terms of the true longitude 
of the moon; but the equation which connects the eccentric anomalies of two bodies 
is far simpler than that which connects the true anomalies, or v' and v, and there- 
fore the conversion which I employ is made with greater facility. The quantity 
under the radical sign in R may thus be considered as a function, of which the gene- 
ral term can be represented by 


red inp? = ), 

a being a numerical quantity and omitting the constants which accompany » and 
my, The development of this quantity to the power — sor _ = may be facilitated 
by the use of tables, which give the numerical coefficients in the development of 
{1— 4 cos a}, {1— 4 cos a}, &c. Such tables have been calculated for me 


by Mr. Farley. 
When r>r’, that is, when the planet disturbed is superior to the disturbing planet, 


I am not able to suggest any other course than to develop in terms of the true ano- 
maly of the disturbed planet, and the mean anomaly of the disturbing planet, and to 
integrate par parties. I have obtained the law of the coefficients in the series which 
results in this process, and they are highly convergent. 1 am confident that, by the 
processes which I have attempted to describe, the perturbations of planets moving 
in orbits, eccentric and inclined, may be calculated and may be exhibited in tables, 
giving their values for an indefinite period, if required. If these methods possess the 
advantages which I ascribe to them, I hope the time is not distant when the per- 
turbations of Pallas and of some of the comets may be reduced to a tabular form ; 
but the labour required will be very considerable. — 

Although my methods are specially adapted to the determination of the pertur- 
bations of bodies moving in eccentric orbits which cannot be developed in terms of 
the mean motions, yet they embrace also the case of a planet moving ta an orbit 
nearly circular; and it is easy to show in what manner the labour is increased by 
the greater eccentricity. If the reciprocal of the radical which expresses the matual 


distance of the planets be called 
ed —i = id 


the chief difficulty arises in developing {1+ P} —%, If the numerical values of the 
elliptic constants are introduced, 


1+ P= 1+, cos «+4, C08 &y-+ &c., = {(14P)(1+P-+9)}{1+P+9}— 
{14P}~#= 414 P+g}F{ (1+ P\(1+P-+—)} 8 
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fo nay 
A, 4, &c. are numerical coefficients, which I here suppose ranged in the order of . 
their numerical magnitude. I make om aS 
{1—4; cos a} {1— 4, cos.as}.... {1~4, cosa} = 1+ +4: 
including a limited number of terms in 1+ P+-¢. ee 


{1—4, cos ,}% [1—4, cos ay}3.... &e., 


can be obtained at once by means of a table. But as the coefficients given by such 
a table do not readily furnish, by interpolation, the values required unless it be con- 
siderably extended, I take for 4, A,, &c. the nearest value given by the table, and 
T leave the residue to form part of q. 


2ata’r 
14+-P=1— 2 cosd-+n'e. 
2n' _ 200" 3 is the angle included by lines drawn from the sun to m and m’ : 
¢ (a*+a")’ 8 , 
__ a? rt 
(= mal: 


x 


f 
The terms contained in aot cost obviously exceed greatly in magnitude those 
contained in »%¢. 
=co8 Busi cos /’+-Aain fs” ; 


J' being the true anomaly of m’, and # the eccentric anomaly of m, 
i ~¢A4+A cosvm V1—AX ain», 
kee = O46 cos + 11 eB sin »; 
@, 3B, @ and 3B being constants, each necessarily less than unity, which depend only 


on the inclination of the orbits and the position of their line of intersection and their 
axes, and such that when they are in the same plane 
A = Band¥B = €. 

The process is the same in substance, whether the orbit of m is highly eccentric 
and inclined, or circular, and in the same plane with that of m’; the only difference 
being that, while in the former case it may be convenient to detach four terms to 
form the quantity 1+-P+q; in the latter case, supposing e’ the eccentricity of m' to 
be inconsiderable, 1+ P-+q may conveniently contain only two factors if the deve. 


lopment is made in terms of the mean anomalies, and therefore {14 P+q}¥, &e. 
can be calculated with greater facility. 

In the case of orbits situated in the same plane and not very eccentric, as in the 
perturbations of the older planets, if their inclination to the ecliptic be neglected 
1+ P+ q may contain only one factor, 


1—A cos {nt-ps—n't—v'}, 


if the mean longitudes are introduced; but if the mean anomalies are retained, 
which is perhaps preferable, then there will generally be two factors, 


{1—.4, cos (E—8)} {1—4, sin (E—E) f 


The difficulty of developing the quantity (1+ P+ qe depends not only upon 
the number of terms which it is desirable to retain, but also on the magnitude of 


the numerical coefficients. 
If. (1+P)(14+P-+9)=1—4, 
{1+P}~teePt+o)t{ 1430+; 4e+ée } - 
The calculation of the series 
1+ Sate gt ae. 
is similar to that of the series 
1 SP +5 pr fe, 


12 REPORT—1847. 


- but the former is far more convergent. The factors of which the quantity 


{1+P+o}4 
is formed, each constitute generally a highly and regularly converging series furnished 
at once by the table. Their product must also generally converge rapidly, and also 


therefore the product of {14+P+q}8 by 
3. 3.5 
1+ 59+5 49 +&e. 
If ¢ is the time reckoned from the time of the perihelion passage of m, r<r’, 


nirsy—esiny; 


and if 360°—n'c! is the mean anomaly of m! at the time of the perihelion passage of 
m, 


and if 


Van't—n'c’; 
Kyaw’ =u, 
. . vw. 
cos ie? cos i { w—Tesiny | , 
sind t/mrin i { w—Tesinv | ; 
U 
and as = is a fraction, cos #2! and sin é €' can be developed in a series rapidly con- 


verging, and containing explicitly only the variable quantity. Mr. Farley has cal- 
culated for me a table of the values of cos , sin &, cos 2 2, sin2 , &c. for Jupiter 
and Saturn in terms of the eccentric anomaly of those comets for which they are 
required. 

The advantages which the employment of tables presents wherever they can be 
applied are well known. Not only the march of the figures affords security against 
error, but the computer acquires facility in such calculations systematically under- 
taken, while the operations are more easy than they would be if the quantities re- 
quired were not connected by a common origin, or so troublesome as they would be 
if undertaken by different individuals, or by the same individual at different times. 
The use of tables is out of the question in a literal or algebraic development ; but, 
on the contrary, it is an important property of the numerical development that it 
can thus be materially facilitated. 

All developments whatever may be resolved into three classes, which I call iséeral, 
quasi-literal, and arithmetic. Literal or algebraical are those which result when the 
numerical values of the constants are inserted last, and after the development is com- 
plete. Quasi-literal are those which result when either a part only of the constants 
are expressed by means of general symbols, or when the development is made up of 
several distinct processes, and when the numerical values are inserted after a portion 
of these, but not all have been accomplished. Finally, arithmetic or numerical de- 
velopments are those which result when the numerical values of the constants are 
inserted in place of the general symbols before any step of the development is 
attempted. 

A literal development is generally preferable, for this reason, that if it can be per- 
formed, the development which results serves for every possible value which can be 
assigned to the constants. Such, for instance, is the development of the disturbing 
function due to M. Binet; and if such a development in terms of the requisite varia- 
bles could be accomplished and carried out to a sufficient extent, and if, being accom- 
plished, numerical values of the constants could be easily introduced, it would be 
preferable to any other. M. Hansen’s development, in his ‘Memoir on the Pertur- 
bations of Encke’s Comet by Saturn,’ is a quasi-lideral development, because a por- 
tion only of the processes is general. The conversion of the quantities P, , into 
explicit functions of sines and cosines of multiples of / is an arithmetical process ; 
while the calculation of. the quantities A, , in p. 29 of M. Hansen’s paper, !s literal 
or algebraical. 
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I regard as very difficult any development of the disturbing function, either literal 
or quasi-literal, when the eccentricity of the disturbed body is considerable and the 
erturbations are large, as in the case of Encke’s comet disturbed by Jupiter; and 
if such were possible, the replacement of the numerous symbols by numbers at the 
conclusion, would be an operation of almost insurmountable difficulty. On the 
other hand, in performing an arithmetical development according to the rules which 
I have invented, not only no quantity is introduced which has a numerical value 
beneath any given limit (say beneath unity in a given decimal place), but it is equally 
impossible, except by a numerical mistake, that any quantity which is above that 
limit can be omitted. 
If z, y, z are rectangular co-ordinates of a comet or planet m, and f the true 


anomaly, 
y r=r{y coef+_7 sin}, 
y—r{9 cosf+q sins }, 
em {rg conf-tut sins }, 


*¥,2.9»Q>QHof are constants which depend only on the elliptic constants of the 
planet m, and such that 


Y= cos +2 sin sin (x—yv) sin », 
gq — sin +2ein® — cos (x—v) sin », 
Q= sin r—-2 sin? sin (7—») cos», 


qd = cos r—2 sin? cos (7—y) cos », 
X= sin(x—y) sine, 
a = cos (x—y) sins. 


Bm EL ah est gli —P}?} 


- pr ra 
14 Pm1—2E f(a F cons—28Z sing} Seon + {6 corf+B Laing} Sains } 
af 
te ge \ 
A=yp'+99'+399', —B=gp'+09'+47': 
@=rq'+oq'+72", =gq’+ada'tdd’- 


Mr. Farley has calculated for me a table of the values of these quantities A, B, @, 
3B, for all the planets, and also for the comets whose period has been ascertained. 


¥: ,v. ar r.. of a! 
I call the quantities +; cos f <7 sinf » cosf,— sins, 5 &c. the elementary 
quantities, because they are the elements which, by means of various combinations, 


form the disturbing function R, ree , &c. Mr. Farley has calculated the coefficients 
of these quantities when they are developed in terms of the mean anomalies for the 
planets, and also other tables for eccentricity, °1, °2,....°7, which show the con- 
vergence to be so slight, that such mode of development can only be employed when 
the eccentricity is small. .These tables have all been constructed by means of mecha- 
nical quadratures. These tables are not wanted for the comets, because their co- 
ordinates cannot be developed in terms of their mean anomalies in sufficiently con- 


* I have had occasion to use so many alphabets in the course of the work from which 
this is extracted, that I have had recourse to this artifice of reversing the letters in order 
not to use the same symbol in two different significations. 
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verging series. Such tables, combined with those described in p. 10, afford the 
elementary quantities for Jupiter and Saturn in terms of the eccentric anomaly of 
the comets. 

When the method of mechanical quadratures is applied to the determination of 
the perturbations of comets, a correction is required; but when that method is ased 
for the determination of coefficients of this nature, the limits of the integral are O 
and 360°, and the correction vanishes ; so that by means of several particular values, 
rigorous values of the coefficients are obtained. Nor does the width of the interval 
matter, provided it is not made too large. It is difficult to give precise rules to 
regulate the width that should be employed; but in the formation of these tables it 
was easy to employ various modes of verification. As this inquiry is in its infancy, 
I considered it sufficient to retain only those terms which are due to the elliptic 
motion ; but hereafter it may be desirable to reconstruct the tables of the elementary 
quantities for each of the planets, retaining some of the principal inequalities due to 
the disturbing force. 

Pingré, in his work on comets many years since, gave a list of comets, with their 
elements. At that time, however, the method of finding the orbit, or even the 
distance of a comet, was understood by so few persons, that, from that and other 
causes, the numbers contained in that table may not be accurate: many other comets 
have been discovered since, and such a table brought up to the present time appears 
to be an important desideratum in astronomy. 


Lecture on Shooting Stars, delivered at the Evening Meeting in the Radcliffe 
Library, June 24,1847. By the Rev. Professor PowEx., M.A. F.R.S. 


After some general preliminary remarks and an historical sketch of the observa- 
tions hitherto made on this interesting but little-understood subject, the lecturer 
proceeded to offer some remarks and conjectures connected with the theory of these 
appearances, of which the following is a very condensed abstract. 

The question so much disputed as to the connexion of luminous meteors with the 
fall of meteoric stones, appears to the author to be answered sufficiently by observing 
(1), that some cases of such connexion are undoubtedly established; (2) that day- 
light is necessary to trace the actual fall of matter, when consequently a luminous 
meteor would be invisible, unless of unusual brilliancy; while the darkness which 
renders a meteor visible precludes the possibility of tracing the fall of stones; (3) 
matter may fall in portions or in a state of division too small to trace, and there is 
evidence or strong probability of matter having a meteoric origin in various lighter 
forms besides that of metallic or apparently fused masses. 

As to the forms of masses known to have fallen, they are by no means generally 
angular or fragmentary, as sometimes asserted, in many instances being whole and 
rounded in form; sometimes also broken into fragments by their fall. There is no 
evidence of a mass bursting to pieces by an explosion: the detonation heard may be 
purely electric. 

Of the size of meteoric masses no sufficient evidence exists. The apparent dia- 
meters cannot be really determined on account of the velocity of motion; and if 
they could, this would only give the size of the flame (if it be due to combustion), 
and not that of the solid mass, if there be one. If the height be too great to allow 
combustion, still less can the apparent size of the electric flash be any guide or proof 
of the existence of any solid body at all. 

Such small solid bodies may circulate in the solar system, but not probably in any 
great number or of large size, unless as truly planetary or satellitary bodies ; but 
unformed diffuse masses of matter like that of comets or the zodiacal ring, are pro- 
bably circulating in many parts of space. It is by condensation out of this that, as 
probably the existing planets, so also lesser asteroids and satellites may be continu- 
ally forming, as likewise meteoric masses within the sphere of the earth’s influence, 
agreeably to Mr. Strickland’s hypothesis, that is to say, such masses of diffuse mat- 
ter circulating through the planetary spaces must occasionally come within the 
attraction of the planets and of the earth: in this case they may either undergo a 
mere deflection of their orbit, or be drawn sufficiently near to be converted into 
satellites, or again may be made to fall directly to the earth. In either instance, 
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supposing them highly charged with electricity, on entering the sphere of the earth’s 
electricity, a discharge will take place, but without altering their existing motions. 

The observations of Brandes, Benzenburg and others, as is well known, have 
assigned great heights to many meteors, varying from 5 to 500 miles. But M. 
Quetelet has shown (2nd Memoir, Acad. Bruxelles, vol. xv.) that the mean height is 
from sixteen to twenty leagues, or within the limits of the atmosphere. Hence the 
majority of them may become luminous from combustion. Electric light can be dis- 
played ta vacuo. Hence we may have various gradations of the same phenomenon 
from purely electric flashes or explosions at great altitudes to more or less complete 
combustion at lower, by which the whole mass may be consumed and dissipated, or 
may be-partially burnt, and the metallic ingredients more or less perfectly reduced 
or fused, and in this condition portions or masses may fall to the earth. And the 
explosion is not the bursting of a mass, but an electric discharge: the particles or 
masses which fall are portions, not fragments ; and the effect, instead of being one of 
breaking up, is one of consolidation ; an instance of the universal law which appears 
to prevail in the ceconomy of the planetary world. 


On Periodic Meteors. By the Rev. Professor Power, M.A., F.R.S. 


The chief object of this communication was to place on record a table of all the 
remarkable appearances of luminous meteors which the author has been able to col- 
lect up to the present time, supplementary to the very complete list given in M. 
Quetelet’s second catalogue (Nouv. Mém. de |’Acad. de Bruxelles, tom. xv.), which 
comes down to the year 1840. This list is doubtless imperfect ; but the author sub- 
mits it to the Association in the hope that its deficiencies will be filled up by the 
contributions of other members. 


Table of Meteor Showers from 1841 to 1846. 


1841. Jan. 2, 3.—Wartmann, Geneva (Bulletin Acad. Bruxelles, 1841, 216). 
April 19, 20.—Many in America; Herrick, Forshay (L’Institut, 1842). July 28, 29. 
—Many; Colla, Parma (ib.). Aug. 9, 10.—70 in two hours; Locke, Ohio, most 
S.W. (Bulletin Acad. Brux. 212). 58 in three hours; Duprez, Ghent (ib.). Many 
S.W.; Quetelet, Bruxelles, 26inonehour; Boguslawski, Breslau. A great num- 
ber ; Greenwich assistants. A few; Phillips, Plymouth. Many; Bruderer, Geneva. 
80 in eight hours p.m. to two hours a.m.; Colla, Parma. 162 during night, S.W. ; 
Littrow, Vienna. 10, 11.—283 from eight hours p.m. to three hours a.m.; Colla, 
Parma. 194 during night, S.W.; Littrow, Vienna. Many; France (Comptes 
Rendus). 11, 12.—82 from eight p.m. to twelve p.m; Colla, Parma. 12.—279 
during night; Boguslawski, Breslau. Sept. 9, 10, 17, 18, 20.—Mean 23 in one 
hour; Wartmann, Geneva. Oct. 9.—40 in one hour, 8.W.; Huntingdon, Florida. 
Nov. 12, 13.—7 during night, 2 very large; Berard (L’Institut, 82). Many, some 
large; Landrin, Asturias, towards N.W. (ib. 83). Lawson, Hereford; Lefroy, St. 
Helena (Ast. Society Notices, v. 173). ~ 

1842. Aug. 9, 10.—Myriads; Colla, Parma (L’Institut, 283). Great numbers; 
Quetelet, Brussels; Boguslawski, Breslau (ib.); Newhaven, U.S.; several ob- 
servers under the direction of Herrick. 10, 11.—In several parts of France not re- 
markable, in others many (Arago’s Report, ib. 307). Many; Fournet, Lyons 
(ib. 338). Nov. 7-11.—Numerous; Passerini, Montpellier (ib. 442). 12, 13.— 
Nothing remarkable; Arago, Paris; Colla, Parma. 14. Many; Gaudin (ib. 442), 

1843. Feb. 3.—A great meteor at Nottingham. 17. Many; Navez, Brussels 
(Bulletin Acad. Bruxelles, 283). July 7, 8.—Many; Colla, Parma (ib. 274). 
10-12. 30 in one hour; Mayer, Trezzo, Lombardy (ib.). Ghent, Bruges: course 
of some serpentine, S.W. 21, 22, 23, 26, 29, 30. Many; Colla, Parma (ib.), 
Aug. 11.—Eight p.m. to two a.m. 66; Quetelet, Brussels. Nov. 12-14.—Philadel. 
phia, Bache, not remarkable (L’Institut, 410). Dec. 28, 29.—Many ; Cooper, 
Nice (ib. 11). 

1844. July 20.—Large meteor; Nuremberg and Parma, nearly =) : explosion 
(Bulletin Acad. Bruxelles, xi. 29). 27. Large meteor; Brussels; course serpen- 
tine (ib.). ug. 9, 10.—Many; 30 in one hour; Brussels, Ghent, Quetelet. 96 in 
one hour ; Forster, Bruges, diverging and converging N.E. and S.W. (L’Institut,307). 
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92 in one hour; Newhaven, U.S. (ib. 331). Nov. 12.—Clear, but only two small 
meteors (Greenwich Meteor. Obs). 13. Partially clear; two meteors, one in train 
and sparks (ib.). . 

1845. July 16.—Large meteor; Belgium (Bulletin Acad. Bruxelles, 352). 
4ug. 9,10. 100 in one hour; Coulvier Gravier (L’Institut, 288), N.E. to S.W. 
Great numbers in Via lactea, Cassiopeia and Cygnus; Perrey, Dijon (ib. 211). 
Large meteor in London; at Oxford cloudy, but light of meteor seen. 

1846. May 8.—Fall of aerolithes near Ancona (L’ Institut, 340). ug. 10.—14 in 
one hour; Perrey, Dijon (ib. 295); cloudy at Oxford. Oct. 17.—Large meteor, 
train collapsed ; Perrey, Dijon (ib. 412). Large meteor ; London, Ramsgate, Wales ; 
coruscations preceding. Nov. 19.—Bright meteor; Perrey, Dijon (ib). 


On the Eclipse of October 1847. By the Rev. Professor PowEt, M.A. F.R.S. 


The object of this communication was to call attention to the remarkable eclipse 
which is to occur on the 9th of October next, and which will be annular for a con- 
siderable part of the south of England. Diagrams were exhibited of the phenomena 
usually attending such eclipses, to which attention ought to be directed, and a map 
of its course over England and Ireland. The subject having appeared of general in- 
terest, a committee of the Association drew up a series of suggestions and directions 
to observers, which was printed and circulated among the members, and of which a 
copy is annexed :— 

“¢ Suggestions for the Observation of the Annular Eclipse, Oct. 9, 1847, made by the 
British Association for the Advancement of Science, Oxford, June 26, 1847.—The fol- 
lowing directions and suggestions, relative to the ensuing anuular eclipse of the sun, 
which will take place Oct. 9, 1847, are proposed for the assistance of less-practised 
observers, or those who may not have better information at hand, but who may 
nevertheless render great service by noticing and recording, as well as circumstances 
permit, any of the various points herein alluded to. 

“I. As a general direction as to the limits within which the eclipse can be seen 
annular in England and Ireland, if on any map a line be drawn through Greenwich 
and Gloucester and produced, it will give the northern limit at which the eclipse 
ceases to be annular. A line parallel to the last, through Padstow in Cornwall on 
the West, and Torbay on the East, (which will extend across the Channel to Havre, 
&c., and passes just below Cape Clear on the West,) will be the line along which 
the eclipse is both annular and central. The Southern limit lies wholly below En- 
gland. 

“II. As a rough guide to the f¢ime, the commencement of the annulus will be 
nearly at 75 23™ a.m. (civil reckoning) for the extreme South-west of Ireland, at 
7» 24™ for a line through Land’s End and Milford Haven, at 75 25™ through the 
Isle of Wight and Reading, at 7" 25™ 50° for Walmer (Greenwich mean time). 

“«‘ IIT. For the observations requisite, a telescope of very moderate power is best. 
As the annulus will not Jast more than three or four minutes, those unaccustomed 
to such observations should be cautioned against attempting to observe all the phe- 
nomena, or they may thus run the risk of observing none. If possible several observers 
should combine for the purpose, and each agree to attend to one, or some few of the 
pheenomena. . 

“IV. To obviate some of the difficulties arising from the rapid passage of the 
phenomenon, the observer may be referred to Capt. Smyth’s Cycle (i. 141, 146), 
where some valuable practical hints are thrown out for tranquillizing the observer's 
nerves in so transitory a phenomenon: especially by previously making a careful 
drawing of the spots (if any) existing on the sun’s disc, which may be made useful 
in marking and ascertaining the progress of the eclipse. 

‘V. With the view of correcting the moon’s tabular north polar distance and 
semidiameter, it is peculiarly desirable that observations should be made along or 
near the line (passing through Greenwich and Gloucester) on which the eclipse is 
barely annular. At some of these the eclipse will be completely annular, and here 
the following observations should be made :— 

“ The time of beginning of annularity and end of annularity should be observed. 
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As the duration only is required, a common watch showing seconds will suffice for 
this purpose. 

** If possible, by means of a graduated pearl scale or other equivalent means, the 
breadth of the narrowest part of the annulus should be measured several times about 
the middle of the time of the annular appearance, as well as it can be estimated. 

** At other places the eclipse will not be completely annular, and here the prin- 
cipal object must be to make several measures of the distance between the cusps 
about the time when that distance is smallest. This measure may probably be made 
by means of a graduated pearl scale, or by means of a divided object-glass applied 
in front of the object-glass of the telescope : or by the use of a common sextant. 

“* VI. As to the particular points of physical interest to which attention should be 
directed, they may be stated as follows :— 

‘* 1. It will be desirable in general to notice the fact of the appearance of what are 
denominated ‘beads’ and ‘threads’ by the late Mr. Baily and others, just before 
and after the completion of the annulus. 

[For details of older observations the observer should consult Ast. Soc. Memoirs, 
1. 142-146; x. 10-17, 33-38. The beads were observed by Mr. Baily, 
ib. x. 210, in 1842, when they were not seen by Mr. Airy, ib. x. 218. The 
were observed by Prof. Henderson at Edinburgh. Ast. Soc. Notices, v. 186. 

“‘ 2. Whether in the neighbourhood of the cusp the limb either of the sun or moon 
appears distorted? Whether the beads appear sfeady or waving, disappearing and 
reappearing, &c.? [See the observations of Mr. Caldecott at Trevandrum, Ast. Soc. 
Notices, vi. 81.] Whether they present any peculiar changes when viewed through 
differently coloured glasses, the observer alternating the colours, which should be as 
dissimilar as possible, such as red and green. (See Silliman’s Journal, Jan. 1842.] 

“3. Whether they are seen when the eclipse is projected on a Screen? [In this 
way Prof. Chevallier saw none when others with coloured glasses saw them. Ast. 
Soc. Notices, v. 186.] 

“4. The drawing out of the beads into threads when very near junction; and 
whether they waver and change, and the number of. them. [See Ast. Soc. Mem., 
x. 15-17, 32; waving and changing, ib. x. 12, 13; not seen in 1842 by Mr. Baily, 
Notices, v. 210.] 

“5. Whether before and after the formation of the threads the moon’s dark disc 
is elongated towards the point of contact? [This was observed, ib. x. 29, and wavy 
motion in the limb, ib. x. 12, 14,30.) 

“‘ 6. The beads are ascribed by some to lunar mountains. What mountains exist 
at that part of the limb? [See Ast. Soc. Mem., x. 9, 16, 30-36. ] 

“7. The exact intervals of time elapsed between the first and Jast complete con- 
tact, and that of the first and last formation of beads or other irregularities in or 
about the cusps, should be determined. The difference of the times being all that is 
wanted, a good ordinary watch will be sufficient. (‘The remarkable fact of a recur- 
rence of cusps observed by Mr. Airy in 1842, and his explanation of it, should .be 
attentively considered. See Ast. Soc. Notices, v. 296. ] 

“8. If possible, accurate measures should be taken of the apparent diameter of the 
dark disc of the moon upon the sun, which may be expected to be greatly less than 
the truth, owing to the irradiation of the sun’s light. 

“* 9. It should be noticed whether any external luminous arch is formed over the 
part between the cusps, a little before the first junction and after the final separation, 
and the colour of the light. [It was observed, and appeared brown to De Lisle, Phil. 
Trans. 1748, 490; reddish in other cases, Ast. Soc. Mem., i. 144, x. 37; and purple 
in others, ib. x. 16.]’ 

Mr. Drew added to the remarks of Prof. Powell an explanation of a method of 
projecting a solar eclipse for any latitude, whereby, by geometrical construction 
simply, might be ascertained to within a minute of time, the exact period of the be- 
ginning of the eclipse—the greatest phase—and the end : also the position of the first 
point of contact and the portion of the sun’s disc which will be obscured by the 
moon. These observations were illustrated by a projection of the eclipse of Oct. 9 
for the latitude of Oxford; which city is beyond the northern limit within which the 
eclipse will be annular. 

1847. Cc 
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On Phosphoric Meteors. By the Rev. T. RANKIN. 


Over a pond at Huggate, in the Wolds of Yorkshire, richly charged with phos- 
phoric matter from putrescent sources, Mr. Rankin saw, a few years since, in the 
evening, a large globular meteor. It was about two feet in diameter, rose from the 
leeward side of the pond like a balloon to a height of twenty feet, and then gradually 
decreased in size till it disappeared. 


On a singular appearance of the shaded part of the Moon on the Evening of 
arch 18, 1847. By the Rev. T. RANKIN. 


The appearance was of large luminous spots on the shaded part of the lunar disc; 
indeed the whole shaded part appeared a mixture of light and shade, but the upper 
part was like the luminous broad top of a mountain. The author imagined these 
appearances were due to reflection of the light of Sirius, Procyon and other stars, 
these having suitable positions, 


Meteorological Observations at Huggate. By the Rev. T. RANKIN. 


The author presented the results of twelve months’ observation with the usual instru- 
ments, and mentioned the occurrence of Aurora Borealis on Sept. 13 and 23, 1846. 
P.S. Professor Chevallier observed the same appearance of the moon, through his 
telescope, on the evening of March 19th. 


On a Triple Differential Wheel. By J. Lotuian. Communicated by 
Professor P1azz1 Smytu of Edinburgh. 


This instrument (which was invented by Mr. James Milne of Edinburgh) consists of 
three wheels, placed side by side on an axle which passes through their centres. 
The wheels are not joined, they have independent movement. An endless screw, 
common to them all, gives them simultaneous motion in the same direction, by pass- 
ing onward a tooth of each wheel at each turn of the screw. The three wheels are 
of like diameter, but have different numbers of teeth, viz. 100, 101, 102 respec- 
tively ; with correspohding graduations on the rims of the wheels when the wheels 
are at first slipped on the axle, and put in gear with the screw, the three divisions 
or intervals of the teeth, which in the model are respectively marked 0, 101 and 102, 
are brought together and geared in the same thread of the screw. The first wheel is 
indicated on by a stationary pointer, marked A on the model. The second wheel is 
indicated on by a pointer (B on the model) attached to the first wheel, and travelling 
with its zero; and the third wheel is indicated on by the pointer C attached to the 
second wheel, and travelling with its 101st or concluding division. Here it may be 
explained that the pointer C is joined to the second wheel by a short tube, round 
which the third wheel revolves, and through the bow of which passes the general 
axle of the instrument ; the object of this arrangement being to show the number 
which the 101st division of the second wheel would be seen at on the face of the 
third wheel, were the substance of the wheels transparent. 

The graduations of the first wheel are numbered 10, 20, 30, &c. in one direction, 
and the other two wheels are similarly numbered, but both of them in a direction 
opposite to the first ; at each hundred revolutions of the screw, the general zero of 
the instrument, marked 0, on the firet wheel advances one tooth or graduation apart 
from the 1]01st division of the second wheel, that is, 100 revolutions of the screw (or 
what is the same thing, one entire revolution of the first wheel) will place B at 1 
on the second wheel; another 100 revolutions will place it at 2; another at 3, and 
so on till it reach 101, each unit of which number denoting 100 revolutions, making 
them then amount in all to 10,100; and this is the entire range which would be ac- 
complished were there only two wheels, and to this extent the reckoning was car- 
ried by the twofold differential counter, which was the invention, it is believed, of 
James White, known as the author, among other contrivances, of a peculiar system 
of pulleys and of a singular parallel motion noticed and rewarded by Napoleos. The 
introduction of the third wheel affords, as in the instance of the Julian period, the 
recurring combinations of three cycles, and thereby gives great extension to the 
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range of the instrument. As zero of the first wheel, or what is the same thing, the 
pointer B advances one graduation from the 101st division of the second wheel for 
every 100 revolutions of the screw ; so for every 10,100 revolutions of the screw, the 
101st division of the second wheel, or what is the same thing, the pointer C, falls one 
graduation apart from the 102nd division of the third wheel. 

The author adds notices of the applicability of this instrument to a variety of cases 
in which revolutions are to be counted, work summed, or distances measured. 


Sur les Cométes Périodiques de Lexel de Faye et de Vico. 
By Prof. LeverRieEr. ' 


Some Account of Observations made at the expense of General Sir T. M. 
Brisbane, to determine the variations of the laws of Terrestrial Magnetism 
with respect to height in the Atmosphere. By J. A. Broun. 


The highest of the range of the Cheviot hills is about eighteen miles to the E.S.E. 
of General Sir T. M. Brisbane’s observatory at Makerstoun, the height of the sum- 
mit being 2660 feet above the level of the sea, and 2440 feet above the level of the 
observatory. The proximity of this hill was suggestive of several experimental re- 
searches in terrestrial magnetism which could only be well performed with the aid 
of a fixed observatory. A series of observations was accordingly made in the be- 
ginning of June, having two objects in view :— 

First. The determination of the variation of the ¢otal force of the earth’s magnet- 
ism with height. For this purpose observations were made at Makerstoun and on 
the summit of Cheviot with a theodolite magnetometer by Jones, for the absolute 
horizontal intensity, and with an inclinometer by Robinson, for the variations of 
dip. - 

‘Second. The determination of the diurnal variations of the declination and of the 
horizontal component of intensity at different heights. 

Mr. Broun had as yet been able to examine only a portion of the observations, 
namely, those having reference to the variations of the magnetic declination. 

The instrumental precautions adopted need not be detailed at present; it may be 
mentioned however that observations of the declinometers were made on Cheviot 
and at Makeratoun 5™ 0° before each hour, at the hour, and 5™ 0° after it. In order 
to render the observations strictly simultaneous, two chronometers belonging to Sir 
Thomas Brisbane were taken to Cheviot, and these were compared each morning 
when the sun shone, with the observatory clock at Makerstoun (eighteen miles di- 
stant), by a method it was believed new for such a purpose. Mr. Welsh, the prin- 
cipal assistant at Makerstoun, threw the reflexion of the sun from a common mirror 
on the Cheviot station, at times previously agreed on; when the sunshine was not 
affected by clouds, the very brilliant reflexion was seen with great distinctness with 
the naked eye, at other times it could be seen with the aid of a telescope. The re- 
flexion was intercepted by a screen at 30" 0°, 35" 0*, 40" 0°, &c. Makerstoun mean 
time. The errors of the chronometers were thus obtained with great accuracy. 
(This method, which had also occurred to Sir Thomas Brisbane, might be found 
useful in determinations of longitude.) Gunpowder flashes were also obtained near 
midnight. ; 

Several curious facts had been deduced from a comparison of the observations at 
the two stations ; Mr. Broun confined himself at present to two, which were exhibited 
with great distinctness. 

Ist. The greatest westerly declination occurred earlier at the highest station; that 
is to say, the greatest westerly position of the north end of the magnet was attained 
sooner after the sun’s meridian passage on Cheviot than at Makerstoun. 

2nd. The diurnal range or the amount of the diurnal oscillation was less at the 
higher station. a 

These facts were confirmed by the observations of different days. Mr. Broun 
pointed out their importance with reference to the theory of the diurnal variations. 
Meteorological observations were made at the same time. A comparison with these 
will be made afterwards. 9 

Cc 
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Observations were made at a station 1600 feet lower, which proved that the differ- 
ences were due to height only. 


On the Diurnal Motion of a Magnet freely suspended in the direction of 
magnetic dip. By J. A. Broun. 


These results were obtained from the observations at General Sir T. M. Brisbane’s 
observatory, of the magnetic declination and of the horizontal and vertical compo- 
nents of magnetic force. The units of reduction were obtained by methods de- 
scribed by Mr. Broun in the Edinburgh Transactions. 

From the similarity of the means for the months of January and December, 
February and November, &c., the projected means of each pair of months only 
were exhibited. It would be difficult to describe the peculiarities of these motions 
without the aid of the projected figures; it was shown, however, that the diurnal 
motion of the north end of the magnet as projected on the plane at right angles to 
the direction of dip, consisted of two or three loops in winter, these loops becoming 
gradually unfolded in the spring and autumn months, and disappearing in the sum- 
mer months. The amounts of motion or the perimeters of the figures are nearly 
constant for the six months from April to September. It was believed that these 
motions were exhibited for the first time. Dr. Lamont of Munich had projected 
observations upon the assumption that the total intensity is constant, which however 
is not the case. 

The motion of the magnet due to the varying hour-angle of the moon was also 
shown. It was pointed out that the greater part of the motion occurred about the 
time of the moon’s passage of the inferior meridian, a fact which it is extremely dif- 
ficult to connect with any hypothesis having reference to temperature as a cause of 
these motions. 


Discourse on the Magnetic Condition of Matter, delivered in the Theatre on 
Friday evening, June 25,1847. By M. Farapay, LLD., F.R.S. 


The subject of Mr. Faraday’s discourse was that condition which is induced by a 
magnet upon matter not ordinarily magnetic, ¢. e. not capable of assuming the mag- 
netic condition of iron. This condition he has expressed by the word diamagnetic ; 
implying in some degree both its relation to and distinction from the magnetic con- 
dition. Both these are made plain by a simple fundamental action which takes place 
when matter is subjected to the action of a powerful magnetic pole: if the matter 
be magnetic, as iron, it is attracted towards the pole; if it be diamagnetic, it is, on 
the contrary, repelled. The magnetic condition of iron is so marked that no pre- 
cautions are requisite in making its property manifest; buat the diamagnetic condi- 
tion of such a body as water, wax or bismuth, is by comparison so weak that pro- 
cesses at once powerful and delicate are required to make it and its results evident. 
The simplest method is to attach a piece of the substance to be examined to the end 
of a light horizontal lever, as a long splinter of deal wood, the lever itself hanging by 
a suspender consisting of two or more lengths of coarse silk about twelve inches 
long, placed side by side, having equal tension, and attached by sealing-wax to the 
same spots on two pieces of card, the one above and the other below. Such a sus- 
pension has great strength and scarcely any torsion, and therefore, when the pole 
of an electro-magnet is placed near the substance to be examined and at the side of 
the lever, the moment the magnet is made active the body is attracted or repelled 
according as it is magnetic or diamagnetic. It was this fundamental property which 
Mr. Faraday particularly insisted upon and illustrated by experiment with Mr. 
Walker’s apparatus ; for though it causes elongated bodies to take up particular 
and characteristic positions, yet similar positions are sometimes given under similar 
circumstances to matter magnetic in its nature; and though the causes of these 
results in the two cases are easily distinguished, when the mind is properly directed, 
yet it is in the contrary and certain actions of attraction with the one set of bodies, 
and repulsion with the other, that the fundamental distinction of all its consequences 
are best illustrated and proved. Mr. Faraday separated many diamagnetic bodies 
from the magnetic bodies by effects of this kind, and showed how the repulsive force 
caused them, when elongated, to assume a position transverse to the line joining the 
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magnetic poles. He gave also a short list of substances from both classes, and he 
expressed his view of the antithetical relation of the two forms of magnetic force, 
and the universality of magnetism either in the one form or the other. But as 
these and other points are already published in his papers forming the first part of 
the Philosophical Transactions for the year 1846, it will be unnecessary further to 
refer to them here. 


On the Existence of alternating diurnal Currents of Electricity at the terres- 
trial surface, and their connexion with the diurnal variation of the Magnetic 
Needle. By Witiiam Henry Bartow, MLC.E. 


Mr. W. H. Barlow is the engineer of the Midland railway, which was one of the 
earliest lines on which the electric telegraph was employed. 

The portion of the line on which the telegraph is in operation consists of four main 
branches, all centring in Derby. 

Ist. From Derby almost directly north to Leeds, seventy-three miles. 

2nd. From Derby to Lincoln, N. 63° East, forty-eight miles. 

3rd. From Derby to Birmingham, S. 28° West, forty-one miles. 

4th. From Derby to Rugby, S. 16° East, fifty miles. 

These several lines are all supplied with electric telegraphs, on the principle 
patented by Cooke and Wheatstone, which, although very generally known, it may 
be well concisely to explain. The instruments for immediate observation and for 
conveying signals consist of a coil of fine wire of great length, contained in a case 
resembling that of a clock. On a horizontal axis are fixed two equal magnetic 
needies, placed parallel to each other, but in a reversed order, so as to be perfectly 
neutralized in respect of terrestrial magnetism, but very susceptible of motion, from 
an electric current passing along the wire through the coil to the earth, or the con- 
trary, from the earth through the wire to the battery. A slight preponderance of 
weight in the lower branches of the needles renders their natural position vertical ; 
and the signals are made by causing thg needle to be deflected to the right or left, 
accordingly as the coil-wire is connected with the copper or zinc pole of the battery; 
the other end of the wire being in connexion with the earth at the distant terminus. 
The four instruments at Derby have each an earth-connexion at Derby and at their 
respective termini; at the four places above-named, and of course when these in- 
struments are not in operation for signals, they are all in connexion with the earth 
at Derby and at the four extremities. 

In consequence of certain spontaneous motions observed in the needles when the 
instruments had only an earth-connexion, particularly in times of thunder, aurora, 
&c., a register was ordered by Mr. Barlow to he kept of all such spontaneous de- 
flections, and was continued for six weeks; and from a careful comparison of the 
motions thus recorded, there appeared strong reason to suspect that, beside the 
larger motions, such as those proceeding from atmospheric electricity, there were 
smaller motions which occurred daily in the same direction at certain hours in the 
day, and in a reverse direction at certain other hours, the morning change occurring 
at about 10 a.m., and the evening change towards the same hour P.M. 

As however these instruments were frequently employed for the service of the 
railway, the case could not be entirely established from these observations; but as 
there were some spare wires belonging (by agreement) to the Telegraph Company, 
not yet put on duty, Mr. Barlow obtained permission of that Company to employ 
them in his proposed further investigation. He also procured very delicate deflecto- 
meters, constructed on the same principle as the telegraph- instrument, but suspended 
on knife-edges instead of circular bearings, and with a face graduated to degrees. 
With these instruments he caused observations to be made and recorded every five 
minutes, day and night, for a fortnight, on the two telegraph-lines from Derby to 
Birmingham and to Rugby. 

The details of these observations, both in a tabular and diagram form, have been 
presented to the Royal Society, and from these it appears that the needles of the in- 
struments were generally vertical at about 10 a.m. The upper end of the needles then 
commenced a deflection towards the right-hand, increasing in amount to about the 
middle of the day ; they then gradually returned, becoming vertical again late in the 
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evening ; the deflection then commenced to the left-hand, increasing to about mid- 
night—then returning, became vertical again in the morning; and the next day per- 
forming, with trifling irregularities, the same course, and this was found to recur every 
day during the fortnight the observations were continued. It is thus rendered ob- 
vious that, from some cause still to be discovered, a current of electricity passes 
during certain hours of the day along the wire and through the coil in one direction, 
and for the remaining hours in a reverse direction. It appears also that the coils 
and contacts were so arranged, that when the needle was deflected to the left the 
direction of the current was such that a horizontal needle placed above the wire 
would (from the electric influence of the wire) have its north end deflected to the 
east ; and of course when the deflector was to the right, a horizontal needle similarly 
situated would have its north end deflected to the west. It follows therefore that 
the character of the current passing along the wire from north to south during the 
midday hours, may be represented by a current passing from the copper to the zinc 
pole of a battery, and during the midnight hours from the zioc to the copper pole. 

The next question is, is the earth-connexion necessary for the attainment of these 
results? To test this question, the wire was disunited from the earth at each extre- 
mity, in which case no motion could be detected in the needle. The wire was next 
connected with the earth at one extremity only ; but still no motion was observable. 
A complete circuit was then made of eighty-two miles, by uniting two wires at Bir- 
mingham, but still without effect ; but in every instance motion was sufficiently ob- 
servable when the extremities were both in connexion with the earth. 

From these facts the author concludes that the currents are on the earth’s surface, 
and that they flow spontaneously and alternately as in the wire itself, which he sup- 
poses from its earth-connexione to participate in the general conduction, of course 
in small quantities, but which become very observable when the amount is magnified 
by the coils. Moreover, as the times of verticality or of non-action on the deflecto- 
meter, and the times of maximum intensity, agree so nearly with the times of change 
and maximum deviation in the daily motion of the horizontal needle; and as euch 
currents on the earth’s surface would, from the known laws of electro-magnetism, 
produce such horizontal deviations, he still farther concludes that the two phzeno- 
mena are intimately connected, and that there is strong presumptive evidence that 
these currents are the immediate cause of the diurnal variation. Since the discovery 
by Oersted of the reciprocal action between a galvanic conducting-wire and a magnet, 
several of the phenomena due to terrestrial magnetism have been attributed to the 
probable existence of terrestrial electrical currents ; and since the discovery of thermo- 
electric magnetism by Seeback, the sun has been considered as the probable source 
from which such currents might be produced ; but this I believe is the first instaace 
of the phenomenon being practically exhibited. 

These experiments and observations open a new and interesting field for investiga- 
tion, which can only be effectually pursued by the cordial co-operation of individuals 
in different localities. The question naturally occurs, what is the actual direction of 
such currents? Are they directly north and south from the poles to the equator, 
or have they any reference to the magnetic meridians? The lines on which these 
observations have been made are, with the exception of Derby and Lincoln, ap- 
proximating towards meridians ; but it would be interesting to ascertain what would 

the results obtained on an east and west line, as for instance from Norwich to 
Yarmouth, or from the Red-Hil! station, on the South-Eastern line, to Ashford, as 
well as in other cases. The line from Derby to Lincoln inclines, as we have seen, 
greatly to the cast ; but it was stated in the conversation which took place at the 
meeting by Mr. Barlow, that the effect on thie line was not less than on the other 
three. He stated further that-he had made observations on the lines between Derby 
and Leicester, and between Derby and Loughborough ; that the effect exhibited on 
these lines was very small, and that he believed, if he could have selected an inter- 
mediate station, no currents could have been detected, judging from the circumstance 
that the currents were not only very inconsiderable at these places, but also of an op- 
posite character. The ready and liberal manner in which Mr. Hatcher, the Secretary 
of the Telegraph Company, conceded the use of the Company’s wires to Mr. Barlow, 
leaves no doubt that this company, as also any railway company, would render every 
facility to any gentleman conveniently situated near a line, having any desirable di- 
rection, for the further investigation of this highly interesting inquiry. 
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On Electric Clocks. By ALEXANDER BAIN. 


On some recent and remarkable examples of the Protection afforded by 
Metallic Conductors against heavy strokes of Lightning. By Sir WILLIAM 
Snow Haarauis, F.R.S. 


The possibility of guarding buildings and other structures against the destructive 
effects of lightoing has been made a great question in practical science, from the 
time of Franklin to the present day; and it is of considerable public importance, 
seeing the frequent damage which occurs to churches and other edifices by strokes 
of lightning, to bring this question completely under the dominion of practical 
science. 

The general principles which Sir W. S. Harris submitted as deducible from 
the inquiries to which he alluded are these:—If we imagine a ship or building 
to consist altogether of metallic substances, it would certainly be secure from any 
damage by lightning, and for this simple reason, that what we call lightning is 
the result of the electrical agency forcing a path through resisting matter, such as 
the air, and extricating with explosive and expansive force both light and heat in its 
course. When, on the contrary, it falls upon comparatively non-resisting bodies, 
such as the metals, then this form of lightning vanishes, and the discharge assumes, 
if the metallic body be sufficiently capacious, the form of a comparatively quiescent 
current. Our object should be therefore in defending any building or ship from 
lightning, to bring the general mass so far as possible into that passive or compara- 
tively non-resisting state it would have supposing it a mass of metal. This is in fact 
the single and simple condition of such an application, without any reference whatever 
to assumed forces of attraction, or peculiar specific powers manifested by certain 
bodies for the matter of lightning, andwhich really do not exist. Thissimple principle, 
by a careful mechanical arrangement calculated to render it practical and applicable 
to all the duties which the general structure of a ship, together with its masts, has to 
perform, is now universally carried out in the navy with the most perfect success ; so 
that damage by lightning in the vessels so fitted has for the last fifteen years quite ceased. 
The masts are made completely conducting by capacious plates of copper reaching from 
the highest points to the keel; and are tied into one general connection with all the 
great metallic masses employed in the construction of the hull, and united by the. 
large bolts of copper passing through the keel and sides, with the copper expanded 
over the bottom and with the sea. It is quite impossible that a discharge of light- 
ping can fall on the vessel in any place without being at once transmitted safely 
the conductors, not under the explosive form of lightning, but under the form of a 
current without explosion. 

The author then laid before the Section certain remarkable instances of ships of 
the Royal Navy thus armed being struck by powerful discharges of lightning on 
foreign stations, in which the views he had been discussing were completely sub-. 
-stantiated. 


Observations on the general Nature and Laws of Electrical Attraction. 
By Sir W. Snow Hanns, F.L.S. Se. 


The author commenced by a brief account of the theory of electricity resorted to 
by the French philesophers, and then proceeded to notice some physical facts which 
appeared to imvalidate this theory; amongst others, the electrical condition of a 
well-insulated body in a space nearly void of resistance, and which, if preserved at a 
considerable distance from conducting matter, maintained a charge as well as under 
ordinary circumstances.. The author, by a careful process, had been enabled to pre- 
verve the electriefty of a small sphere in an exhausted medium for a very consider- 
able time, many days. In conveying a charge to a common electrical jar it might 
be proved, that equal quantities were received into it, in equal times, anti! there was 
a sort of overfiow, being more analogous to the filling a vessel with an inelastic fluid 
such as water, than the condensation of an elastic fluid such asair. The action of the 
proof-plane and the balance of torsion as employed by the celebrated philosopher 
Coulomb, was next adverted to; here the author endeavoured to show that great 
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difficulties arose ja deducing accurate results, inasmuch as the proof-plane could not 
be considered as an element of the surface, and any electrometer, acting on the prin- 
ciple of repulsion, was liable to great uncertainty, and that hence deductions as to the 
particular distribution of electricity on the surfaces of bodies were inconclusive. It 
might so happen that the distribution might be uniform, and yet a proof-plate come 
away more highly charged from one point than from another. The author called 
attention to an experiment of the celebrated Volta, who found that an electrical 
charge reposed more quietly on a long rectangular parallelogram than on a square, 
although the areas of the surfaces were the same. It was to be regretted, on account 
of the received mathematical theory of electricity, that all our experimental evidence 
relative to the distribution of a charge on the surface of conductors rests upon expe- 
riments with the proof-plane, or some other body brought into contact with the 
given conductor and subsequently removed from it. The author, by a new method 
of experiment, had shown that the intensity of a charged surface of any rectangle 
was the same as when rolled up into the form of a cylinder, the quantity of electri- 
city being the same, and that the intensity of a circular area was the same as that 
of the sphere into which we might conceive it to be transformed. An electrometer 
depending on the attractive forces exerted between a charged and neutral plane, was 
here exhibited to the Section, and was said to be eusceptible of great accuracy in 
measurements of this kind. The author supposes every case of electrical attraction 
to resolve itself into the conditions of the Leyden experiment, and to be a simple 
case of electrical charge obtained by the opposition of two conducting surfaces with 
an intervening non-conducting medium, and it is well known that in the electrical 
jar the charge is not dependent on the thickness of the coatings but on their exten- 
sion. If we could suppose a single body only in the universe, and to be charged 
with electricity, there appears no reason from experiment to suppose @ prioré ap un- 
equal distribution upon it, be the form what it may ; but if we conceive a second body 
to be called into existence, then the actiou termed electrical induction arises between 
the two, which is again reflected back by the second body upon the first, and in a 
space void of resistance this induction, however small, would cause an electrical 
current to flow through a space however great; but if a resisting non-conducting 
medium be interposed between these bodies, then we have to consider the action upon 
the interposed particles, and we have immediately a case of charge between the opposed 
surfaces of the two bodies, and which will be greater in proportion to the amount of 
induction or electrical disturbance of which the previously neutral body is susceptible. 

In this way we may consider any two conducting bodies when opposed to each 
other as forming the coatings to an intermediate mass of air, and these are all the 
conditions we have to consider. 

In the case of two spheres opposed to each other, one insulated and charged with 
a given quantity of electricity, the other uninsulated and free, the determination of 
the laws of the attractive force were simple and the problem easy of solution, with- 
out any complicated consideration of an hypothetical distribution of the electricity 
upon the spheres and conductors connected with them ; we had in fact a chargeable 
system, with convex coatings ; we have only to consider the opposed areas. Here, in 
whatever way the primary forces between the surfaces may be conceived to exist, 
they are finally reduced to an action between opposite and similar points, depending 
on the engagement of opposed positive and negative forces, by which an exclusive 
action between certain points is established. The attractive force between the spheres, 
or rather opposed hemispheres, is as the number of attracting points directly, and 
as the squares of the distances inversely; we can hence determine the position of 
two points q¢ q' within the surface of each opposed hemisphere in which we may con- 
ceive the whole force to be collected and to be the same as if derived from every point 
on the surface. The whole force will vary as the squares of the distances between 
these points inversely; so that a unit of force at a unit of distance between the 
nearest points of the spheres being given, it is easy to assign or predict the force at 
any other distance at which the intermediate air can become charged. The follow- 
ing formula was given by the author for determining the distance of the points g q' 
within the hemisphere, 

(a?+2ar)'—a 
z= a ae ° 
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in which z is the distance of the point g, a the distance between the nearest points of 
the spheres, and r the radius. 


When both hemispheres are equal, the whole force will vary as 3as the 


l 
a(a+2r) 
distance between the spheres increases, the points g q’ recede from the surface and 
would finally coincide with the centres of the spheres, which would limit the distance 
at which a charge could possibly occur. 

The author exhibited to the Section the striking agreement of the calculation with 
experiment, by means of his electrical balance, consisting of a delicate scale-beam 
with a duly poised suspended sphere ; the weights requisite to balance the force be- 
tween this sphere and a second sphere placed beneath it, and charged with a given 
quantity of electricity, were predicted with great precision. In the course of this 
paper some magnetic experiments were exhibited illustrative of the action of the 
forces between similarly placed and opposite points. 

The author observed, that every kind of case in ordinary electricity could be easily 
and simply investigated upon these principles, and that unless the air between con- 
ductors could become charged, no attractive force would be apparent, and this would 
of course limit the distance at which such force could exist: it has been shown by 
Faraday that with the same constraining power induction takes place more readily 
or with more difficulty as the extent of the intervening dialectric particles is dimi- 
nished or increased. We might have electrical currents in a space devoid of resist- 
ance, but without an interposed dialectric medium it is doubtful whether those pha- 
nomena indicative of attraction between the bodies would exist. 


Letter from Dr. Lamont (Corresponding Member of the British Association) 
to Col. SABINE. 
Dear Sir, Munich, May 28, 1847. 

During the last four months I have employed the magnetographic instruments 
that I mentioned to you in a former letter, and find the indications so perfect and 
the instruments themselves so practical—I mean not easily deranged and requiring no 
particular labour nor delicacy in their management—that I take the liberty of giving 
you a short account of them in case you should think proper to mention the subject 
at the next meeting of the British Association. 

As the construction of the instruments is very simple, a few words will be suffi- 
cient to give an idea of it. A magnetic bar ab 
is suspended by a fine wire cd, the upper end of 
which is fixed to a brass spring ed. Above the 
brass spring there is an excentric f. On turn- 
ing the excentric the spring is pressed down by 
about one Paris line, and the magnetic bar 
lowered by the same quantity. At the ends of 
the bar there are two fine points of steel 2, #' 
going downwards: below the points are two 
cylinders of tin C’. C’ placed on an insulated 
stone pillar. The cylinders are polished, and the 
surfaces covered with a very thin coating of wax 
and lamp-black. When the bar is lowered by 
turning the excentric, the points touch the sur- 
faces of the cylinders, and make marks which are 
so small that they can scarcely be distinguished 
by the naked eye; but, when properly illu- 
minated, are seen with a microscope as round 
glittering points on a perfectly dark ground, and 
their distance (from the end of the cylinders) 
can be measured with the greatest accuracy. 
As soon as the marks are made the cylinders are 
turned by a certain angle, so that the next marks 
occupy a different place; thus a series of marks 
are made round the circumference of the cylinders showing the magnetic variations. 
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The form of the cy- 
linders is seen by the an- 
nexed figure: ccce is the 
cylinder; a and b are the 
pivots of the axis; they 
move in Y’s like the axis 
of a transit, the end a 
being pressed against a 
a polished surface. The 
wheel ef serves for turning the cylinder. By what I have here said I wish pate 
to give a general idea of the construction of the instruments: the mechanism that 
actually employ is very different. As in all similar cases, numerous trials were ne- 
cessary to make the instruments practically accurate and convenient for use. 

I have now got two magnetic observatories, the old one underground, where I have 
placed the magnetographic instruments, and another connected with the library, 
where we continue to observe every hour during the daytime for the purpose of 
comparison. I subjoin a few days’ observations, because this will enable you better 
than anything else to judge of the degree of accuracy that may be attained. I must 
mention that the cylinders are read off every forty-eight hours: no other explana- 
tion I believe is necessary. 


March 16 (noon) to| April 92 (noon) to | May <¢(noon)to | May 2% (noon) to 
March 18 (noon). pril 24 (noon). May 6 (noon). May 24 (noon). 


in the Library. 
y 


Differences. 


Instruments. 
Decl. by Insts. 


I 


Deciination b 
tographic 
nstruments. 


- 2) Magne 


hi div.{ , | , | div. |, 
Afternoon 1.| 0°00 64:7,+-0°3) 0-00 62- 
” 2.|-+0°27 65°11 |-+-0-2|— 0-35.61 
- 3,|—0°49,64-1] 0-0 
» __ 4{—2°55,60-2/4.0°2 
. 5.|—3'72 58°2 +0°3 
» 6, 52:8|—0°5|—6°33 53-2 |-4+-0°3]—3°17 54 
ss 8,)—6°4753°3) 0-0|—6-62.51°1/ —0°9|— 6°32 53:3, 40-2)... 
Night 
Morning 7. 
” 8. 
” 9. 
” 10. 
” 11. 
Noon 12. 
Afternoon 1./-+0°29 | 
3 2. -9|—0°1|— 1°46,62°1 


— 0°1| —2°83:56-9]-+0°1|— 2°55'60°5 


55°1\+4-0° 
—6°27'53°5 +-0°2 


—98747-1 
—9°08) ... 
—4-21'54-21+-0°3|— 6°87 52°8 


SOS wauny 


» __: 11] —2°B5:59-5 40-4 — 2°64:57°1'+0°3|— 4°29 571 
—0°6363'3 +0" —1°34)59°3 40-4 


Note.—The scale of the instrument in the library is divided into minutes: one divi- 
sion of the magnetographic instruments is equivalent to 1/8: the differences are ex- 


in minutes. 
* These observations 2 or 3 minutes too late. 
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I gtve merely observations of declination, because these are independent of cor- 
rections for temperature, changes of magnetistn, &c., which render it a very difficult 
matter to make the indications of the other instruments agree exactly. I must add, 
that the differences are not owing to an error or uncertainty in marking: the mag- 
netographic bars are furnished with mirrors and can be observed in the usual way. 
The observations made in this way, while the instruments were marking, have in 
every case shown that the marks are perfectly correct. 

My instruments, as I have mentioned before, mark forty-eight hours ; the cylinders 
are about one inch in diameter. There would be no difficulty in making the instru- 
ments go for several days, or mark every quarter of an hour. I think observations 
made every quaster of an hour would be extremely valuable. 

I remain, dear Sir, yours most truly, 
LaMonr?, 


On Galvanic Connexion. By Mr. Harper. 


All who are familiar with voltaic batteries have experienced the inconvenience of 
connecting the positive and negative poles with other instruments, and when several 
batteries are employed, of connecting one to another, in consequence of the stubborn- 
ness of the wires commonly used, and the time taken up in arranging the binding- 
screws and wires. In order to obviate much of this inconvenience, I beg to lay be- 
fore the members a method which I have successfully adopted, which only suggested 
itself to me last week ; it is by using a thin wire spirally formed, at each end of which 
is a helix of three or four turns, which helices being slipped on a piece of brass, 
soldered or fixed by a screw to the battery or other instrument,—this I have found to 
be a sufficient contact in every case in which it has been tried. By this method 
balls of wood have been covered with copper in the electrotype process for knobs of 
Leyden jars, &c. 


Proofs of the Antagonism of Heat and Electricity ; and also of the Singleness 

of the Electric Fluid; with some Remarks on the Nature of Conduction and 

nduction. By Sir Graves C. Haucuton, K.A., MA. F.R.S., For. 
Assoc. of the Institute of France. — 


All thin, porous bodies, derived from the vegetable and animal kingdoms, if not 
exceeding ,th of an inch in thickness, may be tofally deprived of their electricity by 
simply holding them before a good fire for four or five seconds; and, what is very 
remarkable, though they will in a few seconds reacquire their former humidity, they 
‘will not regain their coating of normal electricity before six or seven days bave 
elapeed, even in damp weather. When the same substances were pasted upon 
metal or wood, they could not be deprived of their electricity by the greatest degree 
of heat that could be applied without burning. The author was able, by depriving 
very thin paper of its electricity by the preceding process, to connect 800 slips toge- 
ther, by merely smartly rubbing the uppermost six or seven times in one direction 
with India rubber. When the slips were tested, it was found that the greatest 
proportion were in a segative, and the rest a posiftve state, though India rubber 
communicates onty positive electricity to paper. On the use of a flannel rubber, 
which only gives negative electricity to the slip of paper which is rubbed, all that 
were under it were found to be either in a positive or negative state, but without 
any regularity of succession. On holding the same papers, totally deprived of elec- 
tricity, to the prime conductor of a plate machine, the positive electricity, on distri- 
buting itself throughout them, rendered some leaves plws, and others minus, as before. 
The same result took place when the slips were held close to the cushions, which 
ought to have communicated only negative electricity, according to received theories. 
From all these facts the author infers that there is bat one fluid, which becomes 
positive by accumulation, and negative by distribution. 

The author afterwards investigates the nature of conduction, and shows that it 
arises from the attraction between the fluid, and the metallic or other body when 
charged ; and that therefore conductibility and affinity are the same powers, con- 
sidered under different points of view. 

It is his opinion that as conduction arises from an attraction between the metal and 
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the fluid, so taduction is nothing more than the repulsion of the flaid on one body 
by its existing in excess on another close to it. This he exemplifies by the instance 
of two bits of paper positively electrified, which will repel one another, because they 
are light and flexible, as well as bad conductors ; but in the case of two cylinders a 
different result takes place, from their being too heavy to be moved by the fluid; 
and, if metallic, being likewise good conductors, the fluid that is in excesa will retire 
to the opposite emd of each cylinder, if they should be both charged, according to the 
law of similar states. For the same reason, when two insulated wires are placed 
side by side, and a charge sent down one of them, the presence of this excess of fluid 
is sufficient to cause a displacement of the normal electricity of the other wire, which 
it drives before it; and, on the current ceasing to be directed down the first wire, the 
fluid that had been displaced on the other wire, being now unopposed, returns along 
it, and distributes itself over the wire in the same way as at the outset. 

From these and other considerations adduced, the author is of opinion that every 
case of electrical phenomenon, however complicated, may be referred to either attrac- 
tion or repulsion. 


On the Magnetic und Meteorologic Observatory ut Bombay. 
By A. B. ORLEBAR. 


The comparatively low price of intellectual labour in India has enabled the obser- 

vatories there to accomplish more work than any other. The market-value of a person 
competent to take the observations, and of sufficient general information to take in- 
terest in his duty, is not greater than that of an English ploughman; and the market- 
value of one qualified to share in the labours of the superintendent is less than that 
of two. Thus, in nine months of 1845, there had been produced the materials 
of an unusually thick volume of observations, which had been printed at the 
American mission press of Bombay, by order of the Hon. East India Company, and 
which was laid before the Section. Arrangements had been made so that the 
Bombay observations of each year should be in the hands of the printer at the close 
of that year, and be ready for issue at the end of the next. Thus, all the observa- 
tions would be available at a very early date for the use of magnetists and meteoro- 
logists. At the end of each volume it is intended to append whatever reductions the 
superintendent may have been able to accomplish without impeding the issue of the 
observations themselves. The volume before the Section contained reductions of the 
declination and horizontal force for 1845 only. The peculiar method by which those 
reductions had been effected was briefly explained. In seeking to estimate the accu- 
racy of the observations, it appeared that the accuracy of the term-day observations 
is much greater than that of ordinary days when each instrument was read only once 
an hour. In the case of the horizontal force, the accuracy of the former is nearly 
one hundred times greater than the latter. These discrepancies were attributed 
solely to the greater concentration of the observer’s mind in observing. On this 
account, and in order to detect any smaller changes which may occur in different 
months, in the plan instituted for 1847, the hourly observations have been sacrificed 
to term observations three times a week. In this arrangement however the bihourly 
observations have been preserved according to the desire of the Association. The 
observations for 1846, checked by those of preceding years, have also supplied the 
third diurnal change, viz. the vertical force. The practical difficulties which had im- 
peded the working of the balance magnetometer had been surmounted ; and it had 
been found advisable to suspend all dependence upon the induction inclinometer, 
which is exposed to strong theoretic objections, which (if just) render the instrument 
useless. The result from the balance magnetometer is that the character of the ver- 
tical is the same throtighout the year, and is very similar to that of the horizontal 
force, excepting that it changes little during the night. The assistants had noticed 
that in bringing the lights to illuminate the crosses of the balance magnetometer at 
night, the needle had been set in vibration. As it was proved by experiment that 
the unlighted lamps were quite free from magnetism, there seemed no possibility of 
attributing this to anything but light. The accidental construction of the observatory 
permitted this to be tested. The sun’s rays were thrown on the needle, both directly 
and by reflection on the whole line of the needle, on the north end, and on the 
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end, whilst the needle was undisturbed in its case. The result was always the same ; 
the magnet always indicated increase of strength, which diminished to its original 
condition so soon as ever the light was withdrawn. This uniformity of result in all 
cases is quite incompatible with any supposition that the disturbance of the magnet 
was caused by currents. In orderto complete the theory of the vertical force, it was 
necessary to obtain the coefficient of reduction. The method of Dr. Lloyd was ex- 
posed at Bombay to peculiar objections, particularly on account of the little depend- 
ence that could be placed on the determination of the dip, which could not be safe 
within a degree, but which enters as an important quantity into Dr. Lioyd’s formula. 
A statical method was therefore used. The latter had the advantage of allowing fre- 
quent repetition ; and therefore, although not superior to Dr. Lloyd’s in other re- 
spects, permitted much greater accuracy to be obtained in the determination of the 
coefficient. This method was invented only at the close of last year; but since that 
time a daily determination of the coefficient has been made. e effect of tempera- 
ture upon all the magnets used in the observatory under ordinary atmospheric changes 
had been proved to be insensible. It had further been shown that the diminution of 
magnetism by increase of temperature was not due to the quantity of heat imparted, 
but to the velocity with which it was imparted. After the heat is withdrawn, the 
diminution still continues; and after a time the magnetism gradually returns into 
the magnet as before the application of heat. These discoveries explained why the 
correction for temperature under ordinary circumstances had proved to be nothing. 
The declination at Bombay is only about 11/ East. The scale of the declinometer is 
therefore read by a transit instrument; and the readings had never gone out of the 
field of the telescope even in the largest disturbances. Thus each observation be- 
came an absolute determination. The declination was generally moving eastward 
throughout 1845. The diurnal changes of declination are not of the same character 
throughout the year. From the Ist of April to the 8th of October, the moet easterly 
position of the magnet’s north end is at 162 G.M.T. It then moves through about 
4-5 westward until 202. Next back again through about 2'°8 until O® or 15. Then 
it again moves westward until 35. After this time it slightly rises; but from 5» to 
135 (Bombay night) it remains nearly in its mean position; and then in the course 
of 35 moves through half its wh: ‘2 range to its extreme easterly position. But about 
the winter solstice the curve has .3sumed a different figure. [t has now one extreme 
easterly position at 04, and one extreme westerly position at 155. From the early 
part of October to the early part of December, the changes gradually pass from the 
firat to the second of those above described. 

The horizontal force has the same character of diurnal change throughout the year. 
It is at a minimum about 04, and a maximum not far from the 17th hour. The 
horizontal force, which had been determined every day nearly by the Gaussian me- 
thod, was diminishing. The horizontal force magnetometer gave the same result. 
The two however did not agree in details, and the Gaussian method seemed least 
satisfactory. The Gaussian calculations however proved that the magnetisms of all 
the needles were gradually diminishing, and other experiments seemed to show that 
all magnets give out magnetism, some quickly and some slowly. 

Time did not allow more than a reference to some of the more important steps 
which had been taken in meteorological inquiry. The actinometer had en 
much attention ; but the observations of 1841, 1842, 1845, 1846, which had been 
taken to determine the daily curve, were not found to supply, even in the favourable 
atmosphere of Bombay, a sufficient number of observations in perfectly clear sky to 
allow any certain determination. The curve however appears to be an hyperbolic 
arc, symmetrical on each side of an axis which represents the noonday heat; the 
ordinates parallel to the axis of the hyperbola representing the heat, and the abscissee 
along a line parallel to the tangent of the vertex of the hyperbola representing the 
time. The reduction of the temperature, in order to determine its laws, had been 
commenced on the following principles :—the changes of heat during the day urigi- 
nate in two causes; the earth is continually receiving heat from the sun, and is con- 
tinually cooling by radiation. Supposing these two causes only to be in operation, 
and the commonly-received laws of solar and terrestrial radiation to be assumed, a 
differential equation between the hour of the day and the amount of heat in the air 
at the surface may be formed and integrated without difficulty. Thus it may be 
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ascertained what should be the effect of a uniform sun heating a clear calm atmo- 
sphere. This will give a curve owing to the chief causes, as the elliptic curve of the 
earth’s motion round the sun is owing to the law of gravity towards the sun. And 
as the earth’s ellipse is perturbed by other causes, so this curve will be perturbed by 
the inequality of the sun’s heat, by the presence of clouds and vapour, and by winds. 
The value of these perturbing causes may then be easily ascertained. But since 
solar radiation is very imperfectly understood, it was found better to ascertain the 
laws of the night in the first instance. From sunset to sunrise the earth is continu- 
ally cooling by radiation; and on a calm cloudless night ought to cool exactly ac- 
cording to the Newtonian law. And if a single coefficient can be ascertained, which 
coefficient will depend upon the radiating power of the fields, trees, houses, &c. 
around, the heat at sunset being given, the form of the curve can always be ascer- 
tained for any clear calm night. Reversely from the observations on such clear, 
calm times, the coefficient of radiation can be determined. Thus the curve of a clear, 
calm time being determined, the value of the perturbations from winds and weather 
may be ascertained from the observations. The law of perturbations thus deter- 
mined, they may be deducted from the actual curve of theday. Thus the day curve, 
owing only to solar and terrestrial radiation, may be formed, and thus the law of 
solar radiation deduced. To apply this it was necessary in the first place to analyse 

the winds. Time did not permit any explanation of this analysis; but one new fact 

with regard to the wind much assisted this investigation, and deserves attention. 

By comparing a great number of ship-logs, Commander Young, I.N., has formed 

charts of the winds in the Indian seas. From these it appears that the south-east 

trade being drawn above the equator in the month of May, in conformity with 

Dove’s laws, becomes a south-west wind, and following the bend of the African and 

Arabian coasts becomes the south-west monsoon. This stream crosses the equator 

between the African coast and 60° of longitude. It meets the peninsula of India at 

Bombay, after flowing in a south-westerly course nearly in a straight line, to the 

north of which it curves upwards, and to the south of which it curves southwardly. 

Thus it is brought to circulate round the Maldive Islands, to the south of which it 

again becomes a south-east trade. 

In order to ascertain something with regard to the uniformity of the sun as a 
heating body, the solar spots have been carefully examined, and their places on the 
sun’s surface calculated. This has led to a classification of the spots into four 
genera, assuming the distinctions and principles of Sir W. Herschel. The first con- 
tains those spots which are formed by strong eruptions when the luminous supply is 
abundant ; the second, by weak eruptions under the same conditions as the sun’s 
atmosphere; the third, by strong eruptions when the supply is weak ; the fourth, by 
weak eruptions under the same luminous state. The last two are the most common ; 
consequently the greater the number of spots, the weaker is the luminosity of the 
sun. And therefore the calculations and statements which have shown that a 
number of spots occur in the cooler years is not contrary to Sir William Herschel’s 
theory, as it has been supposed, but in exact conformity with it. Thus, some esti- 
mate of this important element may be formed by a careful study of the solar spots. 


Notice of Observations carried on at the Kew Observatory. 
By F. Rona.ps. 


Mr. Ronalds presented his fourth annual volume of observations and experiments 
made at the Kew Observatory, and stated that his preliminary experiments on the 
photographic registration of the atmospheric electrometer, the thermometer, the 
barometer and the declination-magnet having been (long siace) completed and 
published, and their results having warranted the cost and trouble of constructing 
apparatus of a durable and convenient character; a declination-magnet and a baro- 
meter have been mounted at Kew, which scrupulously fulfil the requisite conditions, 
without the intervention of those friction-rollers, levers, pivots, or other mechanism, 
which have hitherto rendered self-registering apparatus so objectionable. He added, 
that it is his intention to provide, during the ensuing year, complete apparatus on 
like principles for registering as many of the other meteorological and magnetical 
instruments as he may have the means of doing; and concluded by expressing a 
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strong desire that we should possess strictly comparable observations of atmospheric 
electricity, magnetism, and the aurora made at Alten or Hammerfest (in Finmark), 
at Bombay, and in this country ; for, he said, it may be safely affirmed, that not- 
withstanding all that has been written about the relationship of the aurora with 
electric and magnetic phenomena, the regions, or apparent regions of the aurora 
have never been subjected to electric observation in a manner at all approaching to 
accuracy, or comparability with observations made here or eleewhere. Neither has 
an electrometer at Bombay ever yet been compared with one in England (or even in 
Europe probably). We have surely been deducing conclusions on this very curious 
subject without sufficient materiel. 

Under the auspices of Col. Sabine, Dr. Lee and Col. Sykes, something must be 
accomplished. In fact, an electrical apparatus is now almost on its way to Bombay 
at the cost of the Honourable East India Company. 


On the Defects of and Danger arising from the Use of Corrective Magnets for 
Local Attraction on the Compasses of Iron-built Vessels. By the Rev. W. 
Scoressy, D.D., F.R.S. 


On the Composition and Optical Properties of a variety of Hyalite from Mexico. 
By J AMES APJOHN, M.D., Professor of Mineralogy in the University of 
$7. 


This mineral occurs in detached mammillary masses, sometimes larger than a 
walnut, and pellucid in a high degree. It is harder than glass, but is scratched, 
though with difficulty, by steel, and, according to a single experiment very carefully 
made, its specific gravity is 2°1016. As the mean of four experiments scarcely dif- 
fering from each other, it yielded 


Silex. . . . . . « « 97°48 
Water ..... « « 2°62 


100° 
results which correspond accurately with the formula 


15S 15503, 2HO, O,, 2HO. 


The Mexican hyalite therefore is quite peculiar as respects the amount of its con- 
atituent water, this being’ not more than two-fifths of what has been found in the 
least hydrated variety of the mineral whose analysis has been published. 

The most remarkable circumstance connected with this mineral remains to be 
mentioned. The hyalites are, in all treatises on mineralogy, described as single re- 
fractors; but upon transmitting through the mineral whose composition has been 
given above, a ray of plane polarized light, and examining this in the usual manner 
with some analysing eye-piece, it was found to possess in a very marked degree the 
property of depolarizing the ray. The action, however, exerted by it appeared of an 
anomalous kind; for while in all doubly-refracting minerals, whether uniaxal or 
biaxal, hitherto described, there are two positions of the crystal in which, if inter- 
posed for example between two tourmalins whose axes are crossed, the light con- 
tinues excluded, there is no position into which a lamina of this hyalite can be brought 
by revolving it in its own plane in which the light will not be restored. 

The action therefore of this mineral on polarized light is not of the ordinary kind, 
and can, as far as my knowledge of this difficult subject extends, only be explained 
by supposing that, like rock-crystal in one particular direction, and certain essential 
oils and aqueous solutions of sugar, dextrine, &c., it possesses the power of changing 
the position of the plane of polarization of a plane polarized ray, or of causing it to 
revolve through a greater or less angle. This view would seem to be established by 
several experiments which the author detailed. 

From the facts observed Dr. Apjohn thinks he is justified in concluding that this 
hyalite exercises the power denominated rotatory polarization. This property too 
it possesses, no matter in what direction it is traversed by the plane polarized ray, 
a circumstance which would seem to identify it with that exerted by liquids, and 
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distinguish it from the analogous influence of quartz, which is manifested only 2 
the direction of the optic axis. 

Since the preceding remarks were put together, Dr. Apjohn has found that a ray 
of light polarized by reflexion, and made to disappear by the interposition of a Ni- 
choll’s prism, was restored when transmitted through a particle of hyalite from 
Frankfort-on-the-Maine. All varieties therefore of this mineral may be concluded 
to possess the same optical properties. 

To this notice Dr. Apjohn wishes to add that, on continuing his experiments, he 
has since found the results to be somewhat different according to the part of the 
lamina of hyalite traversed by the light, the change in the position of the plane of 
polarization not having always the same direction or value, and being sometimes 
null; a fact which would seem to point to a different explanation of the phzenomena 
from that already suggested, and to identify the optical characters of hyalite with 
those of rock crystal, the differences being explicable upon the hypothesis of the for- 
mer mineral being composed of a multitude of minute crystals of the latter, thrown 


together without any regular or symmetric arrangement. 


. On the Polarization of the here. 
By Sir Davip Brewster, K.H., D.CL. F.RS. ~§ VP.RS. Edin. 


Sir David Brewster read a paper on the Polarization of the Atmosphere, and ex- 
hibited a Map of the Lines of Equal Polarization, which he had projected for the 
Physical Atlas of Dr. Berghaus and Mr. Johnston. In this paper he treated— 

1. Of the neutral point discovered by M. Arago. 

2. Of a secondary neutral point which he had discovered accompanying that of 

. Arago. , 

3. Of the neutral point above the sun discovered by M. Babinet. 

4. Of the neutral point below the sun discovered by himeelf. 

5. Of the maximum polarization of the sky. 

6. Of the form of the lines of equal polarization in the atmosphere. 

7. Of the construction of the map of the lines of equal polarization. 

Under these seven heads the author gave a brief account of the results of his ob- 
servations on the polarization of the atmosphere, made during upwards of four years 
at St. Andrew’s, near the level of the sea. The observations were made with a Polari- 
- meter of his own invention, by which he measured the pularization of any part of the 
sky, by a compensating and opposite polarization indicated by the polarimeter. In this 
way he ascertained that the curves of equal polarization have the general character of 
lemniscates, resembling the curves of equal double refraction in biaxal crystals, the 
neutral points corresponding with the poles of no polarization, or the optic axes in 
biaxal crystals. 

In the normal state of the atmosphere, at sunrise and sunset, the distance of the 
neutral point from the sun, or from the point opposite the sun, is taken in conformity 
with observation at 184°. As the sun descends below the horizon, M. Arago’s 
neutral point separates from the antisolar point, or the point opposite to the sun. 
As the sun rises the other two neutral points approach to his disc, and after the sun 
passes the meridian they separate from it. When the sun is in the zenith the system 
of curves is the same as that of uniaxal crystals. 


On a New Species of Polarization related to the direction of the Grooves in 
Grooved Surfaces. By Sir Davin Brewster, K.H., D.CL. F.RS. 
Lond. & V.P.R.S. Edin. 

The new phenomena described in this notice were observed in specimens of grooved 
steel, kindly executed for the author by the late Sir John Barton. They presented 
themselves in the transverse bands exhibited by certain grooved surfaces, in which a 
large portion of the original surface is removed or cut away by the groove. These 
surfaces are more particularly referred to in the author’s paper ‘On a New Series of 
Periodical Colours produced by the Grooved Surfaces of Metallic and Transparent 
Bodies,’ published in the Philosophical Transactions for 1829, p. 301-316. 
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On the Conversion of Relief in a drawing, by tnverting the Drawing and 
viewing it with a of a short focus. By Sir Davip BrewsreR, K.H., 
D.C.L., F.RS. Lond. § V.P.RS. Edin. 


The experiments referred to in this notice were made with photographic portraits, 
and are supplementary to those described in the author’s paper ‘ On the Conversion 
of Relief by Inverted Vision,’ published in the Edinburgh Transactions for 1844, 
vol. xv. p. 657. 
On the Diffraction Bands produced by the edges of Thin Plates, whether 

Solid or Fluid. By Sic Davin Brewster, » D.CL. F.R.S. Lond. 

& V.PRS. Edin. 


After giving an account of some new results at which he had arrived in the pro- 
secution of this subject, and showing how the position and magnitude of the bands 
could be determined when the indices of refraction of the two media were known, 
and how by this means the indices of refraction of the ordinary and extraordinary 
rays in doubly refracting crystals could be measured at different inclinations to the axis 
or axes of double refraction, the author stated that he would not have again called the 
attention of the Section to the controversial part of the subject, had not Dr. Whewell, 
in a late work, persisted in asserting that Mr. Airy had completely explained this 
class of phenomena by the undulatory theory. The author gave a brief notice of 
the three papers in which Mr. Airy had made this attempt, and showed by a com- 
parison of the theoretical with the experimental results, that the undulatory theory 

entirely failed in giving an explanation of these bands. The author also stated 
that he had arrived at the true explanation of them without any theoretical assump- 
tions whatever. _ 
On the Dark Lines in the Portion of the Red Space beyond the Red Extremity 
of the Spectrum as seen by Fraunhofer. By Sir Davip Brewster, K.H,, 
CL. FRS. Lond. & V.P.RS. Edin. 


Sir David Brewster exhibited a map of the dark lines which he had discovered in 
the red space of the solar spectrum, which he had rendered visible beyond the ex- 
tremity of the spectrum as given by Fraunhofer; and he explained the construction 
of the telescope and the nature of the methods by which he had observed and pro- 
jected these lines. 

The telescope by which these observations were made was executed by Mr. Dollond 
at the expense of the Royul Society of London. The object-glass consisted of two 
lenses of the same glass, according to the formula of Sir John Herschel for correcting 
spherical aberration. The eye-glasses were similarly constructed. The aberration 
of colour was not corrected because the light of the object was perfectly homogeneous. 


An Account of the Functions of the Membranes of the Eye at the Foramen 
Centrale of Soemmering. By Sir Davip Brewster, A.H., D.C.L., 
FERS. Lond. & V.P.RS. Edin. 

The conclusion which the author deduced from his observations was, that the 
choroid coat, as well as the retina, was necessary in the process of vision. 

In drawing this conclusion the author assumed it as a fact that anatomists were 
correct in affirming that the foramen centrale was a real opening in the retina. 


Meteorological Observations, by J. R. Crowe, Esq., Her Britannic Majesty's 
Consul-General of Norway, at Christianta, in the year 1846. 

These observations are a continuation of others which have been made by this dili- 
gent observer, and which have been presented to the British Association at the recent 
meetings at York, Cambridge and Southampton. They consist of observations of the 
barometer, made on every day of the year, at the hours of 7 a.m.,9 a.M., 2 P.M.,4 P.M. 
and 10 p.m. Observations of the thermometer made on the same day and at the same 
hours. Also Tables of the means of the barometer and of the thermometer from the 
Ist to the 10th of each month, and from the 11th to the 20th, and from the 20th to 

1847. D 


84 REPORT—1847. 


the 28th, or 30th or 31st, at the same five hours of each day. Also a calculation of 
the middle temperature for each month ; the quantity of ratn fallen in cubic inches; and 
the direction of the winds at the same hours of each day for every month in the year. 

The meteorological tables for 1846, from Alten, are not yet arrived in England ; 
they will be forwarded in the course of the summer by Mr. S. H. Thomas of Alten, 
according to whose statement the mean height of the barometer increases from the 
equator to 36° 13’, where the maximum is found. From this point it decreased to 
68° 24', where the minimum occurs, and afterwards it increases towards the poles ; 
and he informs me that this result agrees very nearly with the mean corrected ob- 
servations made at Alten for the last nine years. 


4 letter of thanks to the President of the British Association for the Advancement 
of Science :— 

Sir,—The members of the Alten Literary and Scientific Society have requested 
me to return their most sincere thanks to the President and Members of the British 
Association for the Advancement of Science, for their valuable present, consisting of 
the following books :—Reports of the British Association from 1833 to 1843, twelve 
volumes forwarded through Dr. Lee, which arrived in due course and good condition. 

On behalf of the Alten Literary and Scientific Society, I have the honour to sub- 
scribe myself, Sir, your most obedient servant, (Signed) J. H. Grewe, Alten, West 
Finmark, 21st March, 1846. 


Remarks on the above papers on the advantages to be derived from the establish- 
ment of a permanent or even of a temporary magnetic and electro-meteorological 
observatory at Alten in Lapland. 

Alten is the most northern town on the globe; its latitude being N. 69° 50’ 0"-+ 
and its longitude 23°+ East, that of Christiania being 59° 54’ 1” and longitude 
10° 45/ East. During the French Revolution the present king of the French made 
a tour in Norway and visited Alten; and since his accession to the throne of France 
some French officers have been sent to make scientific observations in the north of 
Sweden and Lappmark, and they visited Alten and left there some meteorological 
and magnetic instruments, which since their departure have been presented to the 
Literary and Scientific Society at Alten. 

Some Norwegian and Swedish officers are now employed under the patronage of 
the king of Sweden and Norway, and under the direction of Baron Wrede and Pro- 
fessor Zelander of Stockholm, the Astronomer Royal of Sweden, and Mr. Skogman, 
an officer of the navy, in continuing some observations by triangular admeasurements 
from Enontekis and Kautokeino towards Alten and Hammerfest and the North Cape, 
in order to ascertain with greater accuracy the latitudes of these and other places, 
and of the North Cape, and these observations will probably be completed in the 
year 1848 or 1849. 

Owing to the position of Alten and of Hammerfest, which is the sea-port of Alten, 
and their great degree of northern latitude, it would be highly desirable that a per- 
manent or even a temporary magnetic and electro-meteorological observatory should 
be established there for three or more years, and it is therefore suggested that the 
present summer would be a most desirable time for such an object, whilst the Nor- 
wegian government is proceeding with its operations, and whilst there will be some 
intelligent young men in the service of the Alten Copper Mining Company, who are 
capable and willing, during their leisure hours, to assist in the observations ; and if 
the British Association should not feel itself in a position to establish such an obser- 
vatory, with the aid and advice which could be derived from the Committee of the 
Alten Mining Company resident in London, it is to be hoped that the Norwegian 
government, or the Swedish Royal Society of Stockholm, might be induced to do so, 
if the object should be recommended by the British Association. 

The important remarks on the nature and origin of the Aurora Borealis by the 
Rev. Mr. Fisher, which are published in the volume of the Society’s Transactions 
for 1845 (see p. 23, Transactions of Sections), might furnish abundant matter for 
attention and re-examination, in addition to other objects of research, in an obser- 
vatory at Alten, especially such as observations on refraction at so high a latitude. 
It appears that several members of this Association are favourable to this recom- 
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mendation, some of whom are acquainted with the locality of Hammerfest and Alten ; 
and Mr. Ronalds, of the Observatory at Kew, informs me that there is at Kew a small 
apparatus for electrical observations, which in his opinion might be advantageously 
employed at Alten for this purpose, and not at present in use; and he has with a 
true zeal for science volunteered to supply such parts of the apparatus as may be 
deficient and which might be required. 

It might be the more desirable to carry this object into effect during the present 
year at Alten, as electro-meteorological observations might be carried on simultane- 
ously with those which are about to be made at Bombay under the superintendence 
of Professor Orlebar, the apparatus for which place is nearly completed. 

At Alten there is a transit instrument by Mr. Dollond, and a sidereal clock b 
Mr. Dent of London, and these instruments will probably be used by the Swedis 
officers, who are expected at Alten to measure the arc of the meridian, in verifying 
their work by astronomical observations. 

If the British Association should think proper to recommend this undertaking to 
the Royal Society of Stockholm, some Swedish or Norwegian officers would probably 
be appointed to carry it into effect, and the offer of some instruments from this 
Association might be acceptable, and would be received with due acknowledgement. 

Professor Langberg and Mr. Esmark of Christiania, and Mr. Augustus Georgii 
and Count Rosen, and Mr. Nilsson of Stockholm, will favour the meeting with their 
presence ; and the recommendation of this Society might be conveyed to the Swedish 
authorities by these gentlemen, being men of science, on their return to their country. 

Also the advantages to be derived from simultaneous observations at Kew under 
the care of Mr. Ronalds, and at Bombay under Mr. Orlebar, and at Alten, relative to 
auroras and magnetism and electricity, would be at this time of the greater import- 
ance, as it is to be hoped that observations on these branches of science are now 
being made on the northern coast of America by the expedition under the command 
of Captain Sir John Franklin, R.N. 

The establishment of an observatory at Alten would assist to illustrate some re- 
marks made by Mr. Airy in his paper on the Auroras in 1845 ; and Mr. Birt, in his 
recent paper on Atmospheric Waves, has named Alten as one of the places where 
observations should be made. 

The Transactions of this Society and of the Royal Astronomical Society of London 
are annually presented to the Literary and Scientific Society of Alten. 

I take leave to suggest that this subject might be laid before the Committee of 
Recommendations. 

Joun Lzz. 


Hartwell, near Aylesbury, 
June 22, 1847. 


On different properties of the Solar Radiation in producing or preventing @ 
deposit of Mercury on Silver Plates coated with Iodine or its compounds, 
with Chlorine and Bromine, modified by coloured glass media and the 
vapours of the atmosphere. By M. CLAupeEr. 

Several philosophers had found that the red, orange and yellow rays were endowed 
with an antagonistic action, preventing and destroying that produced by white light, 
or by the rays properly called photogenic rays. 

It appears that the first who discovered this property was Dr. Draper, who made 
experiments with the pure rays of the spectrum upon the Daguerreotype plate; but 
even previously Sir J. Herschel had made similar discoveries with the pure rays of 
the spectrum upon several photogenic papers. 

Dr. Draper found also that the red, orange and yellow rays which protect the 
plate from ordinary photogenic action were themselves capable, when isolated, of 
producing a peculiar photogenic effect. 

Contrary to the fact of an antagonistic or destroying action exercised by the red, 
orange and yellow rays, M. Ed. Becquerel announced that these rays were endowed 
with the property of continuing the action commenced by the photogenic rays. 

M. Claudet has made a series of observations upon light transmitted through cer- 
tain colouring media, through the vapours of the atmosphere, and through red, 
orange and yellow glasses. 


pd2 
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Having directed a camera obscura upon the sun, when its disc appeared quite red, 
he obtained after ten seconds a black image of the sun. The red sun had produced 
no photogenic effect, although the surrounding spaces had been sufficiently affected 
by the photogenic rays proceeding from the zenith to attract the white vapours of 
mercury. This proved that the red rays had no photogenic power. 

In another experiment he left the plate in the camera for twenty minutes. The 
sun had passed over a long space of the plate, and there resulted a long image of the 
sun quite black throughout, so that not only the red sun had produced no photoge- 
nic action, but the red rays had destroyed the effect produced previous to the sun’s 


He then operated in a different manner, not content with the slow motion of the 
sun; he moved the camera obscura from right to left and vice versd, lowering it each 
time by means of a screw, 

In this manner the sun had passed rapidly over five or six zones of the plate. Its 
passage was marked by long black bands, whilst the intervening spaces were white ; 
showing again that it was sufficient in order to destroy the action of the photogenic 
rays to let red rays pass rapidly over the spaces previously affected by the photo- 
genic rays. 

He operated afterwards with coloured glasses. After having taken upon a Daguer- 
reotype plate the impression of a black lace by white light, he covered one half of 
the plate and exposed the other half to the radiation of a red glass. The mercury 
developed an image of the lace on the part which had been acted on only by the 
white light, and the other which had afterwards received the action of the red rays 
remained black. The red glass had destroyed the photogenic effect, as had taken 
place with the red light of the sun. 

He made the same experiments with orange and yellow glasses, and obtained ana- 
logous results, but in different periods of time. 

These experiments proved that the red, orange and yellow rays destroy the effect 
of photogenic light, whether these rays be produced by the dispersion of the prism, 
or by the action of coloured media; but M. Claudet believes that he was the first to 
observe, that after the destruction of the photogenic effect the plate is perfectly re- 
stored to its former sensitiveness to white light. 

After exposing a plate to the daylight, and then submitting it to the destructive 
action of red, orange or yellow rays, it will be found again sensitive to the same 
white light. 

It appears from M. Claudet’s observations that a plate may be exposed to the two 
actions alternately for any number of times without altering the final property of 
the surface, which will be invariably sensitive to the vapours of mercury if it has 
been lastly exposed to the action of white light, and that it will be deprived of that 
sensitiveness if it has been lastly exposed to the restoring action of the red, orange 
or yellow rays. 

It results from the restoring action of the red, orange and yellow rays, that Da- 
guerreotype plates may be prepared in open light, and that to give them sensitive- 
ness it is only necessary to place them for some minutes under red glass, before 
putting them in the camera obscura. This will be advantageous to persons wishing 
to take views in places where it is difficult to find dark rooms to prepare the plates. 

Besides the destructive action of the red, orange and yellow glasses, these same 
radiations are endowed with a photogenic action of their own, that is to say, they 
have, like the blue violet rays, the power of causing the fixation of mercurial vapours. 
Therefore these radiations are endowed with two contrary actions, one destructive 
of the effect of the photogenic light, and the other analogous to the effect of that light. 

The photogenic effect of the red rays is 5000 times longer than the white light, 
that of the orange is 500 times longer, and that of the yellow 100 times. 

The destructive action of the red rays is 100 times longer than that of the white 
light, the orange is 50 times, and the yellow only 10 times. 

When a plate has been exposed to the destructive action of any particular ray, it 
cannot be affected photogenically by the radiation which has destroyed the first 
effect ; it is only sensitive to the other radiations. 

The photogenic or the destructive action of any radiation cannot be continued by 
another. 
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The solar spectrom is therefore endowed with three different photogenic actions, 
and three different destroying actions corresponding to the red, yellow and blue rays. 

The three photogenic actions of the spectrum thus divided have distinct charac- 
ters; each radiation is endowed with a photogenic power peculiar to itself, and which 
gives to the Daguerreotype plate an affinity for mercurial vapours ; nevertheless these 
three actions are so different that we cannot by mixing them artificially make them 
assist each other, as they are antagonistic. e effect produced by the blue rays is 
destroyed by the red and yellow, the effect of the red is destroyed by the yellow, and 
that of the yellow by the red, and the effect of the two latter is destroyed by the 

ue. 

The alternate change of the surface of the plate by these three radiations seems to 

rove that the chemical compound remains always the same under these different 
influences, and that there is no separation or disengagement of the constituted ele- 
ments; and the destruction by one ray of the effect produced by another, restoring 
the plate to its former sensitiveness, likewise favours this conclusion. 

Electricity, which probably accompanies each radiation, acts positively under the 
influence of one, and negatively under the other, without changing the chemical 
compound. In one case this influence would give an affinity for mercury, and in the 
other it would destroy it. 


On a proposed Optical Experiment. By Mr. Date. 


At the last meeting of the Association Mr. Dale proposed an experimental method 
of determining a point in physical optics on which some mathematicians have enter- 
tained a different view from that of Fresnel, Airy and Cauchy ; whether, namely, in 
a plane polarized ray the vibration is parallel to the plane of polarization instead of 
being perpendicular to it, as supposed by the philosophers named. 

The object of this note is to explain that he has since found the experiment is not 
new, having been made by Fresnel in 1819. (Annales de Chimie et de Physique, 
tome xv. p. 384; and Annales de Ch. et Ph., tome xvii. p. 333, Third Series.) And 
though he does not draw from it explicitly any inference as to the direction of the 
vibrations, yet it is conceivable that the result may have influenced the formation of 
his opinion. 


On Changes in the Position of the Transit-instrument attributed to the Tem- 
perature of the Earth, from the Observations of Professor C. P. Smytu of 
Edinburgh. Communicated by the Rev. Professor PowEx1, F.2.S. &c. 


Mr. Mallet, in an address to the Geological Society of Dublin (Journal, No. 2, 
p. 184, March 11, 1846), mentioned that Sir W. R. Hamilton had noticed certain 
changes of level in the transit instruments at his observatory; Dr. Robinson (Phil. 
Mag., Aug. 1826) had also found such a change both in the general level of the obser- 
vatory at Armagh and also a motion in azimuth, recurring at annual periods, and 
apparently dependent on the temperature of the earth. Prof. C. P. Smyth has pur- 
sued such observations in detail at the observatory on the Calton Hill, Edinburgh, 
aided by the thermometric determinations of the changes of the temperature in the 
subjacent soil made under the direction of Prof. Forbes by thermometers sunk in 
the ground. The movements both in the level of the transit and also in azimuth, are 
laid down graphically in curves, and exhibit a remarkable agreement with the changes 
in temperature ; the western end of the axis rising and deviating towards the north 
in summer. But by a discussion of the thermometrical indications at depths vary- 
ing from one inch to twenty-four feet, the earth’s temperature was shown not to be 
the cause of these anomalies, and the author’s conclusion from the whole examina- 
tion is, that the changes of position in the instrument are due to the effects of tem- 
perature on the brass supports of the axis, in which a bad principle of construction 
for adjustment of the level is employed. 


On Anomalies in the Ditper ston of Light. 
By the Rev. Professor PowE.1, F.R.S. 
The relation between the refractive indices in any medium for white light, and 


for the primary rays of the spectrum, seems to be a point but little understood. The 
following are a few cases in which the well-known accuracy of the observers may 
satisfy us as to the correctness of the data, but in which some remarkable anomalies 


appear :— ; 


E... 1°5471 
F... 1°5496 
1°5563 


1°5589 


1°6531 
Calc-spar, . 1°6545 


ordinary ray. v1 1°6680 
Calc-spar, . eee 14839 
extraordinary ray. we. 1°4907 


On these data we may observe, in the first two cases the refraction of white light 
or a mean ray would thus correspond to that of a ray in the green space near the 
border of the blue; a part of the spectrum which can hardly be regarded in any 
sense as the mean and far from the most illuminating part. 

In the two latter cases, and more especially in the last, the deviation is yet more 
striking ; the mean ray corresponding to the full red in one case, and even to the 
lowest part of the red in the other; while in either case the numerical mean of the 
extreme indices agrees closely with the observed index for F, at the junction of the 
green and blue spaces. . 

These apparent anomalies are probably connected with those yet unknown pecn- 
liarities in the nature of dispersion which occasion the primary paradox, that prisms 
of different media give perfectly pure rays of the same colour in widely different 
proportions, and yet when these spectra are recompounded, in all cases the same 
white light is reproduced; a paradox, which, though now fully evinced by observa- 
tion, was doubtless the real ground of Newton’s so positive denial of the fact of 
unproportional dispersion. 


On the Electrie Currents by which the Phenomena of Terrestrial Magnetism 
may be produced. By Professor THoMson. 


It is a well-known theorem, first demonstrated by Green, that the action of a mass 
of any nature, in attracting an external point, may be represented by means of a 
distribution of matter of the same kind over the surface of the body ; that is to say, 
that a certain distribution of matter over the surface of a body may be determined, 
which will produce exactly the same force, whether of gravitation, of magnetism, or 
of electricity, as results from the body itself. Thus, by applying this theorem to the 
case in which the force considered is that of terrestrial magnetism, we see that a 
certain distribution of imaginary magnetic matter may be found, which would pro- 
duce all the phenomena of terrestrial magnetism observed at the surface of the earth 
or above it, except those which are due to atmospheric or external sources of mag- 
netism, if any such exist. This proposition, although of great theoretical interest, 
cannot be entertained as expressing a physical fact ; for there are only two ways in 
which we can conceive internal sources of terrestrial magnetism to exist. We may 
either imagine, as Gilbert did, the earth to be wholly or in part a magnet, such as a 
magnet of steel, or we may conceive it to be an electro-magnet, with or without a 
core susceptible of induced magnetism. In the present state of our knowledge this 
second hypothesis seems to be the more probable; and indeed we have now many 
reasons for believing that the existence of terrestrial electric currents, producing 
wholly or in part the magnetic phenomena, is a physical fact. Connected with this, 
it becomes an interesting question, whether mere electric currents could produce the 
actual phenomena observed. Ampeére’s electro-magnetic theory leads us to an 
affirmative answer, but an answer which must be regarded as merely theoretical ; 
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for it is abeolutely impossible to conceive of the currents which he describes round 
the molecules of matter as having a physical existence. The idea of an electro-magnet 
is what naturally presents itself, when we endeavour to imagine a possible electrical 
theory of terrestrial magnetism ; and the question which now occurs is this :—can 
the magnetic phenomena at the earth’s surface and above it be produced by an in- 
ternal distribution of closed galvanic currents, occupying a certain limited space be- 
low the surface? The answer is, that whatever be the form and magnetic contents 
of the earth, the same force as that which it exerts upon any exterior point, may 
actually be produced by means of a distribution of closed electric currents on the 
surface. I have arrived at this result with the aid of Ampére’s theory of the closed 
circuit, by means of the theorem of Green already mentioned, and by an analogous 
theorem of which a physical demonstration may be given by considerations connected 
with fluid motion. The steps in the analytical process of determining the required 
distribution of closed currents are as follows :— 

Let V be the magnetic potential, according to Green’s definition, at any exterior 
poiot P; do an element of the surface; A the distance from do to P; i, m, # the 
direction cosines of the normal at de. 


I. Find ¢, so that SI enV. 


aU PFU , &u_ ; . 
II. Find U, so that a3 tata? for internal points, and 


dU, dU, dU aU 
‘at a +n =e at the surface, or ye 

III. Construct on the surface a “‘ map of the values of U.” 

If wires be laid along the lines round the surface corresponding to sufficiently 
close equidifferent values of U, as indicated by this map, and if currents of equal 
intensity be made to circulate through them (each being a closed curve), the elec- 
tro-magnetic force that will result, upon external points, will be the same as the force 
of terrestrial magnetism. 

The explicit solution of this problem is very easy, when the body considered is a 
sphere; as is actually the case, to a sufficient degree of approximation, with refer- 


ence to the earth. . 
Thus, if the potential at the surface be given by the equation 
Vo=¥,+Y¥,+Y¥,+&c., 


where Y,, Y,, &c. may be calculated, for any latitude, by means of the Gaussian 
constants, we readily find 


| 5 7 
U=— {Vit-g Vet Z lathe. 


1 1 
Us xf 2V+(Yits Yate Yet kc.) } 


Hence we have the means of constructing an electro-magnetic model of the earth, 
which would exhibit all the peculiarities that can be expressed in a map constructed 
upon Gauss’s theory. 


On an extraordinary Mirage witnessed at Birkenhead in Cheshire. 
By D. P. THomson, M.D., of Wrenbury, Cheshire. 


The author states that, during the exhibition of a panoramic model of Edinburgh, 
in the Zoological Gardens at Liverpool, on Sept. 27, 1846, about 3 P.m., an erect 
image of Edinburgh, depicted on the clouds over Liverpool, was seen by two resi- 
dents in the Great Park at Birkenhead, for a period of forty minutes. 


A Map of the Coast Survey of the United States. 
be Prof. A. Bacuer, LL.D. §e. 
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On the Results obtained by Automatic Registration of the Declinometer. 
By C. Brooke, M.B., F.R.S., F.R.C.S.E. 


The principal object of Mr. Brooke’s coromunication was to explain the varieties 
of disturbances which have been recorded in his photographs, obtained by means of 
the apparatus of which a description has been lately published in the Philosophical 
Transactions. Of these disturbances four principal varieties were described. In the 
first, which has been of most frequent occurrence, the disturbing cause gradually 
arrives at a maximum value, and again gradually diminishes, thus producing a more 
or less deeply-indented undulation in the line; the period of duration of these is 
from a few minutes to several hours. In the second, which is comparatively rare, 
the disturbing cause comes into full operation instantaneously, and after remaining 
uniform for periods varying from a few seconds to half an hour, abruptly ceases, 
leaving the magnet free to return to its former position. The angular value of these 
last disturbances has rarely exceeded 10’, and by them the declination is invariably 
increased. In the third kind, the magnet is suddenly thrown into vibration about 
its mean place, and is gradually brought to rest by the damper in periods varying 
from 1™ to 20". Several of the photographs, it was observed, demonstrated the fact 
that a much shorter period was occupied in bringing the magnet to rest with the 
mercury damper described in the paper alluded to, than with the oil damper used 
in the earlier experiments. In the fourth variety of disturbances, the magnet com- 
mences vibrating about its mean place, by gradually increasing oscillations, which, 
after reaching a maximum, gradually subside. The greatest amplitude of oscillation 
rarely exceeds 4! or 5’, and the duration from about 8™ to 15". Mr. Brooke stated 
that a London thoroughfare having been the locality of all the observations, he did 
not consider the reality of the two last varieties of disturbance free from doubt; the 
point however could not be settled until sufficient evidence has been obtained in 
situations least liable to purely local disturbance. He also remarked, that although 
the comparison of many hundreds of observations showed an exact accordance 
between the movements of the magnet at the Royal Observatory, and the registered 
magnet, yet in some few instances the difference in the amount of disturbing force in 
the two localities was not less remarkable. 

The inefficiency of any periodic method of registration was proved by a reference 
to some of the registers, in which, at different periods of the same day, the variations 
of the magnet are shown by the continuous line to be essentially different in their 
character ; although the outline formed by joining the consecutive points at intervals 
of 10™ would not indicate any sensible difference. 

Mr. Brooke concluded by explaining a simple method of subdividing the whole 
length of the line representing twelve hours (which, from the unequal contraction of 
different registers in drying, varies sometimes as much as 0°2 in. in length) in twelve 
or more equal parts. This consisted of dividing the scale on a strip of vulcanized 
caoutchouc, which being attached to two pieces of wood sliding on a bar and fixed 
by a screw, might be stretched to the exact length required, without sensibly affect- 
ing the equality of the subdivisions. 


On Anemometers and Resolving Scales. By Capt. Cocksourn, RN. 


The author calls attention to the advantage of a correct registration of the winds 
at sea, and selecting for this purpose the construction of Dr. Robinson (Association 
Report for 1846), has endeavoured to make it applicable to use in the navy. In par- 
ticular, he has, with the assistance of Professor Smyth, arranged a ‘ resolving scale,’ 
which enables the sailor to allow for the ship’s progression, in recording the indica- 
tions of the anemometer. 


Observations on the Temperature of the Earth at Trevandrum, from the 
Observations of John Caldecott, Esq. By Professor J. D. Fonrszs, 
Sec.R.S.Ed. 

These observations were made by means of three thermometers, at three, six and 


twelve French feet deep, similar to those placed at Edinburgh and Greenwich, and 
continued four times a day for about three years. An extended extract of this 
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register (which was communicated by Mr. Caldecott to Mr. Forbes for publication) 
has appeared in the Edinburgh Transactions. The principal results (mean of three 
years) are contained in the following Table, from which it appears that the mean 
temperature of the ground is nearly 6° higher than that of the air, and also that at 
twelve feet the range is still very considerable :— 


Three Feet. | Twelve Feet. 


January ... 
February ... 
March vec 
April ...00 


JUNC... ceveee 


September.. 
October..... 
November.. 
December... 


On the Cause of the Aurora, and the Declination of the Needle. 
By G. A. Rowe. 


On the admission that electricity is raised by evaporation, carried northward in 
the high regions of the air, and then brought down by condensation, Mr. Rowell 
infers the existence of compensating under-currents of electricity returning from the 
circumpolar (positive) parts of the earth’s surface to the tropical (negative parts). 
To these currents he ascribes the direction of the magnetic needle ; and to the inter- 
ruption of these currents, by the dry and non-conducting state of the air in the 
frigid regions during some parts (whereby the electricity is accumulated in the clouds 
till it flashes back through the higher and rarer air toward the more temperate re- 
gions), he refers the exhibition of aurora, and the coincident disturbances of the needle. 

On the same basis he endeavours to explain the production and locality of the 
magnetic poles, which he supposes not to be subject to periodical displacement, but 
to be variable in intensity and relative influence, according to physical conditions, 
such as the openness of seas, geological changes, &c. 


On the Cause of Evaporation, Rain, Hailstones, and the Winds of temperate 
regions. By G. A. RowEz.t. 


For the explanation of rain and cognate phenomena, the author submitted the 
following hypothesis. Electricity having no weight, and diffusing itself equally on 
the surface of bodies, the minute particles of water, even in their most condensed 
state, being completely enveloped in the natural coating of electricity, occupy together 
with this envelope nearly the space of an equal weight of air, and are thus ren- 
dered buoyant ; when by heat their specific gravity is lessened, and their capacity 
for electricity enlarged by the augmentation of surface, they are uplifted in the air; 
and when the particle becomes condensed, the electricity, being in excess, escapes 
to the earth, and dew is deposited; or the particles, being above the earth’s electrical 
attraction, attract each other and form clouds and rain. To the fall of rain, and the 
partial vacuum thus occasioned, the author ascribes many (especially the more irre- 
gular) winds, and with this view refers to cases of extraordinary depths of rain 
falling in very short times. 
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Ona Chart of the Dew-Point. By Capt. SorraEpe. 


The number of papers already before the Section being so great as to preclude a 
separate communication, the President, at the conclusion of Br. Lee’s paper, exhi- 
bited, as on a kindred subject, a chart by Captain Shortrede, showing the relations 
which he has traced between the temperatures of the dry and moist bulb thermome- 
ters and the dew-point. The chart consists of horizontal lines, curves, and lines drawn 
diagonally. The temperature of the air is counted on the horizontal lines, and the de- 
pression of the moist bulb on the curves ; the intersection of these gives a point, which, 
referred to the diagonals, gives the temperature of the dew-point. For barometric 
pressures different from thirty inches, a correction is required, which is made on the 
temperature of the air, and consequently also on the depression, for which there is 2 
simple rule. Then, with the temperature and depression so corrected, the chart gives 
by inspection the temperature of the dew-point. The chart is protracted from tabu- 
lated quantities deduced from a strict analysis, after the method of Apjohn, using for 
the elasticity of vapour the tables deduced from the formula exhibited to the Section 
last year at Southampton. 


Barometrical Levelings in the Madras Presidency. By General CuLuzy, 
with Observations by Lt.-Colonel Syxxs, V.P.R.S. 


Colonel Sykes exhibited and explained two maps constructed by Major General W. 
Cullen, of the Madras Artillery, comprising five sections of country, showing the re- 
lative levels, by barometrical observation, at distances varying from ten to twenty 
miles; one section, from Cape Comorin to Multai, at the source of the Tapti, a 
distance of about 1170 miles, proceeding through Madua, Trichinopoly, Bangalore, 
Hyderabad, and Nagpore to Multai; another from the Caves at Ellora to Masu- 
lipatam, through Jauina, Beder, Golconda, Condapilly to Masulipatam, being a 
road-distance of 545 miles. The second map contained three sections, one from 
Nagpore to Jaulna, through Oomrawuttee, of 265 miles; another from Goa to 
Bellary, through Belgaum and Dharwar, 280 miles; and a third, from Madras to 
Mysore, through Seringapatam, Bangalore, Vellore and Arcot, road-distance 293 
miles. A third map gave barometrical sections from Madras to Bellary, on a 
line about W.N.W., 244 miles; and from Bellary to Iddamaeul, on a line about 
W. by S., 156 miles. This map, without pretending to ‘be a complete geological 
section, showed the prevailing rocks on the route. Associated with the sections 
were notices of the climate and mortality at most of the principal stations, com- 
prising the maxima, minima and mean pressure of the barometer for some years; 
the maxima, minima and mean indications of the thermometer; the falls of rain; 
the nature of the monsoons; and the sickness and per-centage mortality of the 
European and native troops. The whole of these laborious results indicated no 
ordinary industry and judgement. Colonel Sykes’s object in exhibiting the sections 
was to call the attention of railway engineers to the use of the barometer as the pre- 
cursor of the theodolite, in determining the general levels of a country with a view 
to the selection of lines. He suggested also that geologists might use the barometer 
to fix the height above the sea, of the stratadescribed. He stated that in the tropics 
the moderate oscillations of the barometer admitted of levels being determined with 
some accuracy, even when the instrament was used independently; but that when 
the instrument used had been previously compared with a standard barometer, and 
contemporaneous observations were made, he could testify from his own experience 
that a height so determined might not differ ten feet, when re-tested or re-observed 


after a lapse of years. 


Improvements tn Chronometers, and an improved method of producing and 
applying very fine Wire of Gold or Platinum for Astronomical or other 
purposes. By Joun GotrTiies ULRICH. 

The author described the principle, and gave testimonials of the performance of 
his double-action chronometer balance, and detailed his method of practising Dr. Wol- 
laston’s process for drawing to extreme tenuity a wire of gold or platinum enclosed 


in a cylinder of silver. 
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On the Defect of Elasticity in Metals subject to Compression. 
By Professor E. Hopaexinson, F.R.S. 


On simplifying and improving our National Measures, Weights and Money. 
By Major-General Sir Coartes W. Pasuzy, K.C.B. 

After adverting to the proceedings and reports of parliamentary committees, royal 
commissioners, &c., on weights and measures, from the year 1758 to the present 
time, and toa book published by him in 1834, of which he offered to present a copy 
to any member of the Association who might take an interest in the subject, he 
submitted the following abstract of his present plan, which, as he observed, differs 
only from that suggested in his publication, in regard to the standards of weight 
and of apothecary’s liquid measure. 

lst. New Lineal Measure proposed. 


10 tenths......ccseccsces seece 1 digit. 
10 digits .......s.ssccsseseves 1 foot. 
6 feet ...cccccccccces seceecese L fathom. 
1000 fathoms ......ccccsscccene 1 mile. 
GO miles .........cscccceseeee 1 degree of the terrestrial meridian. 
For Land Surveying. 
100 links ..... secscccccccceses 1 chain of 10 fathoms. 
100 chains........ soeeece ecacee 1 mile. 
For Cloth Measare. 
2 halves.....ccccccsccccssssenee 1 tenth. 
10 tenths ...... beecrccceesvece 1 yard of 3 feet. 


The new standard of lineal measure to be the fathom of 6 feet, marked on a rod 
of brass or other metal, and made equal to 6 feet 0°91548 inch of our present mea- 
sure, at the temperature of 17° of the centigrade thermometer, or 62°°6 of Fahr- 
enheit’s scale. is proportion will make the proposed mile equal to 1012°715 
fathoms of our present measure, being the mean length of the minute of a degree 
of the terrestrial meridian, according to Mr. Airy’s treatise on the Figure of the Earth 
in the ‘ Encyclopedia Metropolitana.’ Should the extensive Russian and Swedish 
surveys of meridional ares now in progress, under the direction of, or in concert with 
Professor Struve, lead to a more accurate value of the said minute, it is proposed 
that the necessary correction shall be effected, not by changing the standard rod, 
-but by altering the legal temperature to a higher or lower point than 62°°6 of Fahr- 
emnett All measures of surface, solidity and capacity to be derived from this 

. stan e 
2ndly. New Land Measure proposed. 


100 square links.......... saensens 1 square fathom. 
1000 square fathoms ......s0se0. { imperial acre, 
1000 imperial acres .........ccese0 1 square mile. 


3rdly. New Square Measure proposed. 
100 square digits ............... 1 square foot. 
Materials or workmanship now priced by the square yard or by the rod of 272% 


superficial feet (omitting the fraction), to be priced either by the superficial foot or 
by the 10 superficial feet. 


4thly. New Measures of Solidity and of Capacity proposed. 


1000 cubit digits ...........0 see. L cubic foot. 
10 cubic feet ...... enecccenecee «es 1 quarter of corn. 
For retail purposes exclusively. 

2 gills, or 10 cubic digits............00. 1 chopia. 

2 CHOPINS..c...ssesececevecsesccsces coases } pint. 

2 pints...... besetevcsccccscecccesesceesous 1 quart. 

2} quarts, or 100 cubic digits......... 1 can. 

10 CANS ...ccrcrcccreccsecccssecceccsseveese A Cubic foot. 


_ 
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Thus the cubic foot will be divided into 10 cans, 25 quarts, 50 pints, 100 chopins 
and 200 gills. The new names Can and Chopin are recommended to designate the 
tenth and the hundredth parts of the cubic foot respectively, being its most in- 
portant subdivisions. | 

In measuring corn for wholesale dealings, as well as sand, lime, &c., he proposes 
to use measures of 1 cubic foot, and of 5 cubic feet, two of the latter, open at top and 
bottom, to be put together on a level floor or platform, and form a 10 cubic feet 
measure. Beer, wine and other liquors to be priced and gauged, and the duties col- 
lected by the cubic foot. 

5thly. New Apothecary’s Liquid Measure proposed. 

GO MINIMS .......0.seereceeee sseccscceceees L tenth of a cubic digit. 
600 minims, or 10 tenths .........ec0e. 1 cubic digit. 

10 cubic digits .......ccesescoesccseceeee 1 half-pint or chopin. 


6thly. New Measures of Weight proposed. 


100 grains........ cceccesceccecnes socevceee 1 cent. 
100 cents, or 10,000 grains ..........0 1 pound. 


The standard one-pound-weight to be exactly 1-60th part of the weight of the 
new cubic foot of distilled water, as ascertained by brass weights at the temperature 
of 17° of the centigrade thermometer, or 62°°6 of Fahrenheit, with the barometer 
standing at 244 digits of the new lineal measure, or 29°7738 inches of our present 
measure. By this arrangement 100 lbs. of the new will be equal to about 108 Ibs. 
of the present avoirdupois weight ; the new grain will weigh about 3ths of the pre- 
sent Troy grain, and the new minim of distilled water will be equal to the new grain 
in weight, whilst in measure it will be about four-fifths of the present apothecary’s 
minim. 

The grain to be subdivided decimally into tenths and hundredths for very delicate 
purposes, and its decimal multiples the 10 grains, the 100 grains, the 1000 grains, 
and the pound, to be used exclusively for weighing and pricing all valuable articles 
to which Troy weight is now applied, and to the entire exclusion also of pearl weight, 
diamond weight and all the carat weights. 

All goods now sold by avoirdupois weight to be priced in future by the pound, 
with its hundredth part the cent, and its decimal multiples the 10 lbs., the 100 lbs., 
and the 1000 Ibs., to the exclusion of ounces, stones, hundred weights and tons of 
our present avoirdupois weight. 

The only weights absolutely necessary for weighing groceries and other goods by 
the proposed new system will be weights of 1 cent, 2 cents, 5 cents, 10 cents, 20 cents, 
50 cents, 1 lb., 2 Ibs., 5 lbs., 10 lbs., 20 lbs., 50 lbs. and 100 Ibs. 

Barrels and casks of various denominations, as well as sieves, baskets, sacks, 
boxes and other packages, now designating special quantities or weights of beer, 
wine, fruit, corn and other goods, together with the various customary loads, lasts 
and weys, all differing from each other, not to be used as measures or weights 
without specifying the contents or amount of each, in cubic feet or pounds weight, 
as may be. 

If the foregoing suggestions, or any system on the same principle for simplifying 
our national measures and weights, should be adopted, the fine idea generally sup- 
posed to have been intended in Magna Charta, and most clearly and unequivocally 
expressed in one of our ancient laws of subsequent date, but which has never yet 
been realized in this country, will be literally accomplished, namely, that ruzrs 
BHALL BE ONLY ONE MEASURE AND ONE WEIGHT THROUGHOUT ALL THE LAND *, 


7thly. Measures of Temperature and Air. 


He suggests that the centigrade thermometer, first proposed by Celsius and gene- 
rally adopted in France and other countries, having its zero at the freezing point, 
the only invariable point of temperature in nature, and its ]00th degree determined 
by the temperature of boiling water when the barometer stands at 24% digits of the 
new lineal measure proposed, shall be adopted in preference to Fahrenheit’s scale. 


* See the tenth chapter of an Act of the 27th of Edward the Third, statute 2nd, entitled 
Ordinacio Stapularum, in the Statutes of the Realm, vol. i. p. 337. 
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The barometer to be marked in digits and tenths of the new measure, instead of 


inches. 
Sthly. New Monetary System proposed. 


10 tenth PAIS ..reccccccccccrcvecccces 1 cent. 
100 Cents ...rccccscovssecsccecescoveene J pound sterling. 


In order to establish this system he proposes the following coins only to be used :—- 
1 tenth of a cent, 2 tenths of a cent, 4 tenths of a cent, in copper; 1 cent, 2 cents, 
3 cents, 5 cents, 10 cents, in silver. 

The three new copper coins should be marked yy CENT, x4; CENT and 4 CENT, and 
may be of the same size nearly as our present farthing, halfpenny and penny pieces, 
from which they will only differ in legal value by one twenty-fifth part in defect, in 
consequence of the pound sterling being divided into 1000 tenth parts of a cent 
instead of 960 farthings. The new silver coins proposed will be equal to two pence 
four-tenths, to four pence eight-tenths, to seven pence two-tenths, to one shilling, 
and to two shillings, of our present money, respectively, and must have their value in 
cents marked on each, which will soon impress the new monetary nomenclature on 
the minds of the people and obliterate the memory of shillings, pence and farthings, 
except in referring back to the old coinage for the sake of comparison. He does not 
recommend aay silver coin of greater value than the 10 cent piece, because nothing 
is saved in weight by such coins as our present half-crown and crown pieces, which 
only give trouble by rendering it difficult to obtain change. If a coin of the value 
of 25 cents, equal to our present crown piece, were considered necessary, he would 
prefer having one of gold, which would save weight. 

He observes that the multiplicity of names has been one great source of confusion 
in our national system of measures, weights and money, and therefore he does not 
think it expedient that the 10 cent silver coin proposed should be designated by any 
peculiar name, such as a Royal, because he considers it best in accounts of every 
description, to state them in decimal parts of the pound, so that 76 pounds 18 cents 
and 4 tenths of a cent would be stated as £76°184, in preference to writing it as 
76£ 18°4Cts., which might also be done. 


Qthly. Advantages of the New System of Measures, Weights and Money proposed. 


In the first place, the mile proposed being the nautical or geographical mile used 
exclusively for the purposes of navigation by all the maritime nations of the world, 
not excepting the French, and inserted in the scales not only of charts, but also of 
the maps of all countries, in addition to scales of the customary leagues, miles, or 
other itinerary measures of those countries, is already a universal measure, and the 
only one now recognized in every part of the globe. Hence, if the governments of 
all civilized nations should hereafter appoint competent commissioners to assemble 
and report upon the best universal standards of measure and of weight to be adopted 
by common consent of all, the fathom or toise, and the foot derived from the pro- 
posed mile, might justly claim the preference, because the latter differs so little from 
the former foot of France and from the present foot of all other countries, that it 
would not cause any embarrassment to practical men, nor any more confusion than 
the substitution of the imperial gallon for the former ale and beer gallon has done 
in this country, that is little or none. The same remark applies to the standard 
pound weight, derived from the proposed cubic foot, which in like manner differs so 
little from the former French pound weight, and from the present pound weights of 
other countries, that no embarrassment or confusion could be created by adopting it. 

By the new system proposed a simplicity and precision will be given to measures 
of distance and area on the surface of the globe, of which our present standards 
afford no criterion. For example, nobody knows or can even guess how many rods 
or yards there are in a given number of statute miles, nor how many acres or square 
rods there are in a given number of square miles of our present measure, which can 
only be ascertained by very troublesome calculations; but 173 miles of the new 
measure would be known at once to be 173,000 fathoms, and 248 square miles to 
be equal to 248 thousand imperial acres, or to 248 million square fathoms. 

In like manner, though no one can even guess how many cubic feet a given num- 
ber of gallons of our present standard measure of capacity are equal to, or vice vered ; 
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this embarrassing uncertainty and the necessity of very troublesome calculations in 
order to compare those two denominations together, will be avoided, by establishing 
the cubic foot as the only standard both of solidity and of capacity. 

In all buildings and other works of Architecture, Engineering, &c., which are always 
measured by the foot, the necessity of computing artificers’ and labourers’ work, as 
well as materials, duodecimally, and in goods sold by weight, the troublesome re- 
duction of tons into cwts., quarters and pounds, and vice versd; and in all accounts 
the redaction of pounds sterling into shillings, pence and farthings, and vice versed, 
will also be avoided, which will be an immense saving of time, trouble and risk of 


error. . 

Sir Charles Pasley further observes, that after a very careful investigation of the 
history of our national weights and measures from the time of Alfred to the present 
day, he has ascertained that with the exception of our lineal measure, none of our 
present etandards are venerable from their antiquity, as might naturally be supposed 

y those who have not had the means of such investigation, they having on the con- 
trary been subject to much greater changes than any which he now proposes, and 
all those changes having originated from accident, error, bad workmanship or neglect, 
with the exception of the establishment of the imperial gallon in 1824, which, strange 
to say, but no less true, was the first and only modification of our existing standards, 
adopted systematically, as an improvement and with a view to the public benefit, in 
the course of 800 years. Such as they were, however, even the legal standards were 
disregarded in every part of the kingdom, where such an immense namber of incon- 
gruous and discordant local measures and weights prevailed, differing in such an 
extraordinary manner from those standards and from each other, not only in every 
county, but ia every market, as rendered them a perfect chaos, and quite as unin- 
telligiple to the public generally, as those of the ancient Egyptians or Babylonians 
would be. 


Report of Anemometrical Observations at Oxford during two Years. 
By the Rev. Professor Waker, M.A. F.R.S. 


The Rev. G. L. Cooke presented two volumes from the East India Company, con- 
taining the Measurement of an Arc of the Meridian and Trigonometrical Survey in 
India, by Col. Everest. 

The President presented to the Association, through the Section, four volumes 
from Prof. Struve, ‘Researches on Galvanism and on Electro-magnetism,’ by M. 
Jacobi; ‘Etudes d’Astronomie Italienne,’ par M. Struve; ‘ Positions of the Fixed 
Stars,’ by Bessel, edited by M. Struve; and ‘ Chronometric Voyages between Altona 
and Greenwich, for the purpose of determining the geographical longitude of the 
Central Observatory of Russia,’ by MM. F. G. W. Struve and O. W. Struve. 

Prof. Struve begged to say a few words. He had received the commands of the 
Emperor Nicholas to present three of these volumes. He dwelt on the importance 
of accurately connecting the observatories of Russia and of Greenwich, without which, 
both the vast geographical surveys going on in that empire, and stellar astronomy 
must be imperfect. All were agreed on the importance of having a principal point 
from which to count Jongitudes; and friends had urged him, as a matter of national 
pride, to adopt a principal point for Russia, independently of any other country ; 
but he replied that there was no place here for national pride. Under these circum- 
stances it became necessary to fix the geographical position of Poulkova, with respect 
either to Paris or Greenwich ; and, for many reasons, he fixed on Greenwich. Since 
previous operations, in 1813 and 18}4, had determined the difference of longitude of 
Alten and Poulkova to be 1° 21'32"-523, with a probable error of only 0-03, it was 
determined to connect them and Greenwich by transporting chronometers by the 
steam-boats which ply twice each week between Hamburgh and London; and Mr. 
Airy and M. Lebrumacher, when applied to, most cordially gave their assistance. 
Twenty chronometers were selected. In these observations it was necessary to allow 
for the influence of changes of temperature; and to attempt to do so by thermome- 
tric observations would have required a process of integration troublesome and in- 
exact. This was remedied by a simple contrivance. The compensation for tem- 
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perature was taken off from one of the chronometers, and it was placed in the centre 
of the box which contained the twenty others. The difference of its indications from 
the others give, by an easy reduction, the mean change of temperature in the inter- 
val. After two months’ work with the chronometers, the difference between the 
longitudes of Greenwich and Alten was determined to be 0° 39'46”°151, with a pro- 
bable error of 0"-012; and thus the total difference between Poulkova and Green- 
wich was 2° 1/18"-674, with a probable error of only 0-057, care having been taken 
to determine the personal errors of the observers, and every other circumstance 
which could influence the result. 


CHEMISTRY. 
On the Regulation of Combustion. By N. Arnott, M.D., F.R.S. 


Tue author, after noticing the many applications of heat which require regulation, 
and the advantage of giving this regulation by mechanical self-acting arrangements, 
describes the latest of these arrangements which he has completed, viz. the balanced 
valve, which is more easily made and managed than the thermometric regulator. 

This valve acts not by changes of the stove temperature, like the thermometer 
valve, but by the impulse or force of the entering current of air, and under all fluctua- 
tions of the chimney-draught it admits only the same uniform stream of air, and which 
is great or small, according to the adjustment made for the time. So perfect is the 
uniformity of combustion thus effected, that the quantity of coal to be consumed is 
determined to within one pound in twenty-four hours, without further watching or 
attention, after the stove is charged and the valve is adjusted as desired. 

The balanced valve regulator consists essentially of a small weighbeam and scales 
so placed that one scale becomes a flap air-door to the stove. A BCD in the dia- 
gram marks the beam and scales distinguished by dotted lines. On one of the scales, 
A, the regulating weight is placed, while on the other, D, the impulse or momentum 
of the entering air (indicated here by small arrows) acts as a counterweight. This 
air enters by the opening E and F in the external case or shell O PQ R of the valve, 
before reaching openings in the internal tube GH IK LM, which leads directly to the 
ash-pit and fire beyondS. As the entering air obeying an ordinary chimney -draught 
through the fully open valve exerts more force on the scale D than is sufficient to 
overbalance the weight placed in the scale A, it depresses the scale D, but in doing 
so, it at the same rate is obstructing the aperture G H, by which the air has to pass 
to the inner tube and fire, for the scale D then becomes a closing flap or door to the 
opening of the internal tube; and the stream of air that can enter at the external 
open door EF above is lessened by the closing of this inner door beneath, until 
only as much gets in as by its impulse just balances the weight in the scale A. 
From this condition, things cannot change so long as the chimney-draught continues ; 
and the free space for the passing air will become less when the draught is strong 
and larger when the draught is weak; but the impulse and the quantity of air will 
remain the same so long as the regulating weight is the same. 

It is further to be observed, however, that the total force of the chimney-draught 
on the ecale D is made up of two parts,—ist, the impulse of the moving descending 
air, as above described, which varies exactly as the quantity of the current varies ; 
and, 2ndly, of the steady, tranquil suction, as it is called, of the partial chimney 
vacuum, which in a heated chimney is always acting whether air be entering or not, 
and indeed is strongest when the valve completely closes for atime. This second 
portion would often by suction bring a single plate D close to the aperture G H, and 
keep it there, shutting the passage altogether if means were not found to prevent 
the occurrence. It is to neutralize altogether this constant sucking action (to use 
still the popular phrase) that, instead of one internal door D, two are used, D and N, 
and are so placed that this action on the one is in a direction exactly the contrary of 
that on the other, and therefore each destroys or neutralizes the effect of the other 
(both being of the same size) ; and the only force remaining to lift the regulating 
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weight is that of the air really moving and passing towards the fire through the 
opening E F. 
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On some Phenomena of Photography. By Cuar.es Brooxk, M.B., F.R.S. 


In the application of photography to the purposes of registration, Mr. Brooke had 
found that an impression made on paper prepared with the bromide of potassium 
and nitrate of silver gradually passed away, so that at the end of ten or twelve hours 
very little evidence of actinic action could be detected. In preparing highly sensi- 
tive papers Mr. Brooke had found that the addition of a very small quantity of iodide 
of potassium to the solution of bromide of potassium very materially improved the 
sensibility of the preparation. 


On Photography applied to Microscopic Oljects. 
By W. B. Carpenter, ¥.D.,, F.R.S. 

Numerous specimens of Daguerreotype and other photographic copies of very de- 
licate microscopic objects were exhibited. These were peculiarly beautiful, and were 
obtained by the use of the solar microscope, the object being thrown upon the 
or plate instead of upon the ordinary screen. The minute fidelity of these copies 
was far beyond any thing which could be obtained by the artist; and the ease with 
which they were produced, particularly on photographic paper, recommended this 
application of the art to the attention of naturalists. 


On different Properties of the Solar Radiations which have permeated Co- 
loured Media, in influencing the conditions of Daguerreotype Plates, so as 
to receive or reject Mercurial Vapour. By M. CLauper. 


On the Precipitate caused in Spring and River Waters by Acetate of Lead. 
By Professor Conn. 


Nearly all well and river waters are well known to yield a white precipitate with 
acetate of lead. This precipitate is rarely due to any chloride, as silver salts have too 
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little action to countenance such an explanation; and its ready solubility in acetic 
acid shows that it is not caused by sulphates, unless in so far as it is not dissolved by 
that acid. The ordinary cause I have ascertained to be the presence of carbonate of 
lime; but the remarkable fact is, that the reaction both of the acetate and of the acetic 
acid takes place even after the water has been boiled and filtered, so that carbonate 
of lime remains dissolved independently of the presence of carbonic acid. The waters 
ree to yield carbonate of lime when evaporated after having been boiled and 

tered. . 

To ascertain whence this carbonate of lime has proceeded, I passed a current of car- 
bonic acid through lime-water, till the precipitate at first formed was redissolved, and 
then boiled and filtered the liquid ; but it did not affect lead salts to the same extent 
as common waters do: neither did distilled water which had been left some days in 
contact with finely pounded marble, I incline to think that the origin of the dis- 
solved carbonate of lime is double decomposition between an alkaline carbonate and 
a soluble lime-salt; and have found, in all waters yielding the reaction, alkalies united 
to acids, The common water of the town of St. Andrew’s contains y+}, of carbonate 
of lime, after being boiled and filtered. It also contains a trace of carbonate of mag- 
nesia, which substance may also occasionally be in part the cause of the reaction 
referred to, although to a far less extent. 


On Sulphato-Chloride of Copper—a new Mineral. By Professor ConNnEtL. 


Among some minerals which were lately put into my hands by Mr. Brooke for 
chemical examination, there was one which I found to consist of sulphuric acid, 
chlorine, copper and a little water. Although I had not enough material to determine 
the proportions of the constituents, there can be no doubt that it consists of sulphate and 
chloride of copper with a little water. It occurs in amall but beautiful fibrous crystals, 
which, according to Mr. Brooke, are hexagonal prisms having the angles replaced, 
and thus belong to the rhombohedral system. Their colour is a fine blue, pale when 
the fibres are delicate, but much deeper where they become thicker. Lustre vitreous, 
translucency considerable. Locality, Cornwall. The mineral is associated with arse- 
niate of copper. Few specimens are at present known: one is in the British Museum. 
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On the Nutritive Value of different kinds of Food. By Prof. Dauseny. 


Dr. Daubeny had intended, before the state of his voice precluded him from much 
speaking, to lay before the Section, in detail, his views with regard to the nutritive value 
of different kinds of food, as compared with their commercial price, in order to establish 
correct principles, and to remove certain popular errors on this important subject. All 
however he could now attempt to do, was to direct the attention of the meeting to three 
tables suspended inthe room. The first of these was intended to show the commercial 
value at present prices of the same weights of wheat-flour, of oatmeal, of potatoes, of 
rice, of maize-flour, and of meat. The second table was an attempt to state nume- 
rically the relation between the proportion of nitrogenized and non-nitrogenized prin- 
ciples present in these substances as compared with their commercial value estimated 
by the data afforded in the preceding table, from which it appeared that if the nu- 
tritive value of wheat-flour be stated at 100, and its heat-producing power at 84:5, in 
the case of rice the former will be 70 and the latter 100, whilst the commercial value 
of wheat may be stated at 75, and that of rice at 100. 

From similar calculations made with respect to Indian corn, it did not appear that 
its use was ceconomical on the ground of furnishing more nutritive or heat-producing 
principles for a given sum than wheat would do, although there may be other reasons 
for recommending it for general adoption. The third table professed to give the 
amount of nitrogenized and non-nitrogenized principles calculated to exist in the food 
now allowed to each convict daily in the Pentonville prison, after several successive 
trials made to ascertain the quantity necessary for sustaining an adult in a state of 
health and without diminution of his weight. From this it would appear, that about 
three ounces of nitrogenized principles, namely of albumen, caseine, or fibrine were 
required for the nutrition of an ordinary adult daily, and that of non-nitrogenized 
matter, a quantity sufficient to supply 7} ounces of carbon for respiration must be 
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taken into the system. This latter result falls far short of that indicated in Baron 
Liebig’s work, where it is made to amount to nearly 14 ounces daily. 


Mr. Faraday exhibited at the Section certain specimens of diamond, being three 
in number, which he had received from M. Dumas for that purpose, and which had 
been subjected by M. Jacquelin to intense heat. The first and second of these had 
been heated by the flames of oxide of carbon and hydrogen urged by oxygen; the 
were slightly altered and rendered somewhat opalescent; according in this with the wel 
known effects of heat on the diamond under similar circumstances. The third had been 
subjected to the intense heat of a Bunsen’s pile consisting of 100 pairs of elements, 
and had suffered a most striking change, having become converted into a piece of 
coke, opake, black and brittle. The specific gravity of the diamond before the 
change is 3°368, after its conversion into coke 2°6778. When so altered the carbon 
still scratches or cuts glass, but ita cohesion is diminished so that it breaks between 
the fingers. See the Comptes Rendus, 1847, xxiv. 1050, 


On a new and practical Voltaic Battery of the highest powers in which 
Potassium forms the positive element. By Joun GoopMAN. 


In pursuing researches into the identity of the various existences or forces of 
light, heat, electricity, &c., the ‘author devised several experiments with the inten- 
tion of constructing a voltaic arrangement in which potassium should form the posi- 
tive element, being at the same time a metal possessing powers of the highest 
chemical as well as the most intensely electrical nature. 

The result of many fruitless attempts was the production of an arrangement in 
which a membrane was interposed between the potassium and the exciting fiuid, 
which produced a quiet and very manageable voltaic combination. 

A small glass tube was closed at its lower end by a membrane of turkey's craw. 
The tube was filled with mineral naphtha, and its lower end was inserted in a strong 
solution of sulphate of copper in a wine-glass. A small,piece of potassium was 
screwed upon the end of a piece of copper wire against a button of wood secured 
near its extremity. The metal was then introduced so as to rest upon the mem- 
brane, upon which a globule of mercury had been previously placed for its amalga- 
mation. 

All necessary connexions were formed between the potassium and a platinum 
plate already inserted in the cupreous solution immediately below the membrane. 
The arrangement was also devised for raising the potassium from the membrane into 
the supernatant fluid when required to be out of action. 

With this single voltaic pair a current of 50° was exhibited by a galvanometer, 
and water was decomposed with the greatest facility. 

A gold-leaf electroscope was afterwards employed, and it was found that twelve 
pairs deflected the gold leaf to a considerable degree. 

Six pairs produced a very satisfactory deflection. Afterwards five pairs, four, 
three and two pairs were tried, and a deflection took place measurable with facility 
by a micrometer, and ultimately one pair alone produced the deflection of ath of 
an inch. 

It is thus more strongly than ever corroborated, as first adduced by Sir H. Davy, 
that chemical affinity and electrical energy are one and the same thing, for the sub- 
stance which possesses the highest chemical affinity manifests also the most exalted 
electrical energy or tension ; and the general results in this paper tend to show that 
the electrical energy of substances is at all times proportional to the measure of their 
chemical forces. 

The author suggests that it is the polar condition of bodies—the peculiar distin- 
guishing quality of electric force—which in both instances induces more or less 
exalted chemical or electrical action in proportion to its intensity. That it is not 
the quantity of force which induces the phenomena of exalted electrical tension is 
shown by the high powers of ordinary electricity in comparison with those of the 
voltaic fluid, notwithstanding the limited quantity of the former. 

The author has frequently decomposed water in four successive cells by the cure 
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rent from a single electrical machine, and yet to effect this in one cell, by an ordinary 
voltaic combination, several pairs are required. 


On a Property of Alcohol. By Dr. GREENE. 


On the Coloured Glass employed in glazing the new Paln House in the 
Royal Botanic Garden at Kew. By R. Honr. 


It has been found that plants growing in stove-houses often suffer from the scorching 
influence of the solar rays, and great expense is frequently incurred in fixing blinds to 
revent this destructive calorific influence. From the enormous size of the new Palm 
ouse at Kew, it would be almost impracticable to adopt any system of shades which 
should be effective, this building being 363 feet in length, 100 feet wide, and 63 feet 
high. It was therefore thought desirable to ascertain if it would be possible to cut 
off these scorching rays by the use of a tinted glass, which should not be objectionable 
in its appearance, and the question was, at the recommendation of Sir W. Hooker and 
Dr. Lindley, submitted by the Commissioners of Woods and Forests to Mr. Hunt. 
The object was, to select a glass which should not permit these heat rays, which are 
the most active in scorching the leaves of plants, to permeate it. By a series of ex- 
periments made with the colou.:d juices of the palms themselves, it was ascertained 
that the rays which destroyed their colour belonged to a class situated at that end of 
the prismatic spectrum which exhibited the utmost calorific power, and just beyond 
the limits of the visible red ray. A great number of specimens of glass variously 
manufactured were submitted to examination, and it was at length ascertained that 
glass tinted green appeared likely to effect the object desired. 

Some of the green glasses which were examined obstructed nearly all the heat rays; 
but this was not desired; and from their dark colour these were objectionable, as 
stopping the passage of a considerable quantity of light, which was essential to the 
healthful growth of the plant. Many specimens were manufactured purposely for the 
experiments by Messrs. Chance of Birmingham, according to given directions, and it 
is mainly due to the interest taken by these gentlemen that the desideratum has been 
arrived at. Every sample of glass was submitted to three distinct sets of experiment: 
—lst, to ascertain, by measuring off the coloured rays of the spectrum, its trans- 
parency to luminous influence; 2nd, to ascertain the amount of obstruction offered 
to the passage of the chemical rays; 3rd, to measure the amount of heat radiation 
which permeated each specimen. The chemical changes were tried upon chloride of 
silver, and on papers stained with the green colouring matter of the leaves of the 
palme themselves. 

The calorific influence was ascertained by a method employed by Sir Jobn Herschel 
in his experiments on solar radiations. Tissue paper stretched on a frame was smoked 
on one side by holding it over a smoky flame, and then, while the spectrum was 
thrown upon it, the other surface was washed with strong sulphuric ether. By the 
evaporation of the sther, the points of calorific action were most easily obtained, as 
these dried off in well-defined circles long before the other parts presented any ap- 
pearance of dryness. By these means it was not difficult, with care, to ascertain 
exactly the conditions of the glass, as to its transparency to light, heat, and chemical 
agency (actinism). The glass thus chosen is of a very pale yellow green colour, the 
colour being given by oxide of copper, and is so transparent that acarcely any light is 
intercepted. In examining the spectral rays through it, it is found that the yellow is 
slightly diminished in intensity, and that the extent of the red ray is affected in a 
small degree, the lower edge of the ordinary red ray being cut off by it. It does not 
appear to act in any way upon the chemical principle, as spectral impressions obtained 
upon chloride of silver are the same in extent and character as those procured by the 
action of the rays which have passed ordinary white glass. 

This glass has however a very remarkable action upon the non-luminous heat rays, 
—the least refrangible calorific rays. It prevents the permeation of all that class of 
heat rays which exist below and in the point fixed by Sir William Herschel, Sir H. 
Englefield and Sir John Herschel as the point of maximum calorific action. As it is 
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to this class of rays that the scorching influence is due, there is every reason to con- 
clude that the use of this glass will be effective in protecting the plants; and at the 
same time as it is unobjectionable in point of colour, and transparent to that principle 
which is necessary for the development of those parts of the plant which depend upon 
external chemical excitation, it is only partially so to the heat rays; and it is opake 
to those only which are the most injurious. 

The glass is manufactured by Messrs. Chance of Birmingham, and the absence of 
the oxide of manganese, commonly employed in all sheet glass, is insisted on, it 
having been found that glass, into the composition of which manganese enters, will 
after exposure for some time to intense sun-light, assume a pinky hue, and any tint 
of this character would completely destroy the peculiar properties for which this glass 
is chosen. 

Melloni, in his investigations on radiant heat, discovered that a peculiar green glass 
manufactured in Italy obstructed nearly all the calorific rays; we may therefore con- 
clude that the glass chosen is of a similar character to that employed by the Italian 

ilosopher. 

P The tint of colour is not very different from that of the old crown glass, and many 
practical men state that they find their plants flourish much better under this kind of 
glass than under the white sheet glass which is now so commonly employed. It is 
satisfactory thus to find practice confirming the conclusions of science. 


On the Electrolysis of Water. 
By the Rev. Dr. Rosinson (in a letter to W. R. Grove, Esq.). 


The paper on this subject, by Dr. Robinson, has been printed in the Transactions 
of the Royal Irish Academy. 


On the Quantity of Electrolysis as affected by the extent ¢ the Sectional Area 
of the Electrolyte. By W. R. Grove, F.R.S. 


The experiments here described were made two years ago, and were intended as the 
commencement of a series of researches on the influence of quantity in voltaic arrange- 
ments, both as regarded the generating and also the conducting portions of the circuit. 
A single cell of a zinc and platina diaphragm battery charged on the negative side 
with peroxide of manganese and hydrochloric acid has a more intense action and will 
decompose more water in a given time than a similar battery charged with nitric 
acid; but two or more celis of the former, arranged in series, are far inferior to 8 
similar number of the latter, particularly if large electrodes be employed. This infe- 
riority in the chlorine battery arises, I believe, from want of quantity in the electro- 
negative element: the chlorine is slowly liberated and much diluted by the liquid 
hydrochloric acid, while the nitric acid supplies an indefinite quantity of what we may 
term liquid oxygen. Thus the cathode is in the one case bathed by hydrochloric 
acid, and in contact with a comparatively small portion of chlorine, while in the other 
case it is covered to nearly its whole extent by oxygen; in other words, the sectional 
area of the efficient electrolyte is smaller in the first case than in the second. It is 
admitted that in metallic conductors the facility of conduction is directly as the sec- 
tional area of the conducting substance ; but the problem is rendered more complex 
in electrolytes by the polarization or reaction occasioned by the liberated ions, and also 
by the quantity of the efficient chemical ingredients contained in the electrolyte, 
whether they act directly as ions or secondarily by absorbing or preventing the libe- 
ration of the cations at the cathode. Dr. Faraday, in his ‘ Researches,’ Bas shown 
that separate pairs of electrodes, interposed in the same circuit, yield the same amount 
of gas whatever be their size; and this result has been misinterpreted by many, and 
regarded as establishing the position that the size of electrodes with regard to that of 
the battery plates makes no practical difference in the amount of gas liberated. From 
the great practical experience which the application of voltaic electricity to the electro- 
PPE and its kindred arts has promoted, this error has now for some years been removed. 
I believe I was the first to point out the necessity of electrodes equal at least in area to 
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the battery plates, in order to yield the full amount of gas which a battery is capable of 
yielding; and at the Royal Institution in the year 1840 I showed a voltameter con- 
structed on this principle, which yielded mixed gas from a battery of four square feet 
surface, at the rate of 110 cubic inches per minute. The voltameter used in the following 

riments was one which M. Gassiot caused to be constructed upon a suggestion of 
mine, and which consisted of five pairs of plates, each exposing to the other eight square 
inches of surface. Any number ol these plates could be thrown into action at a time, so 
that excluding the outward sides of the exterior electrodes, the sectional area of the 
electrolyte would be 8..8 + 8..16-+ 8, and soon up to 72 square inches. The dimi- 
nution of the sectional area of the electrolyte in the battery occasioned by the porous 
cells was ascertained by first charging a given battery with sulphate of copper without 
any porous cell, ascertaining the amount of decomposition per minute, and then 
placing in the battery the porous cells, which had been previously soaked in the same 
solution of copper,—again decomposing, and calculating from the difference the dimi- 
nution of area. 

The following table of experiments will explain itself :-— 


Battery in these experimen 
charged with nitric acid, sp. gr. 
1-39; sulphuric acid 1°22, or 1-4-4 
water. 


Battery charged with nitric acic 
sp. gr. 1°39; sulphuric acid, sp, gr. 
1°13, or 14-8 water. 

I cannot now recollect my rea- 
sou for changing the strength o 
the electrolyte in contact with the 
zinc.—June 1847, 
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Table (continued ). 


Nitric acid, sp. gr. 1°39; 
sulphuric acid, sp. gr. 1°15. 


fund 


Wire. 0°01 Negative cells charged 
—_——— |— —_—— with oxide of manganese 
1 8 72 1°5 and muriatic acid. 
8 1°35 
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A voltameter was constructed with two plates of 2 square in 
side of a stout platina wire. The two plates made positive and the 
wice verad, gave on a mean of several experiments, a very slight balance Yr 
the plates positive and wire negative, but the difference was so slight as to be probably 
due to the more perfect cleaning of the plates by the nascent oxygen. 

From the whole of the above experiments it will appear that however different the 
combination be, yet the amount of gas is greater the larger the electrodes, though 
beyond a certain point the increase is indefinitely small; secondly, that variation in 
the relative sizes of the anode and cathode makes no difference in the result; and, 
thirdly, that provided the size of tbe electrodes be proportional to the battery, the 
amount of gas is as the surface of the battery plates 


On the Mechanical Equivalent of Heat, as determined by the Heat evolved by 
the agitation of Liquids. By J. P. Jourz, Sec. Lit. and Phil. Soc., 
Mane. ; 

The author exhibited and described an apparatus, consisting of a brass paddle-wheel 
working in a vessel filled with liquid, with which he had repeated the experiments 
brought before the Cambridge Meeting of the Association. By these experiments he 
had discovered that heat is invariably produced by the friction of fluids in exact pro- 
portion to the force expended. Two series of experiments had been made, one on the 
friction of water, the other on the friction of sperm oil. In the former of these series 
the heat capable of raising the temperature of a lb. of water 1°, was found to be equal 
to the mechanical force capable of raising a weight of 781°5 Ibs. to the height of one 
foot; whilet in the series of experiments on the friction of sperm oil, the same quanti 
of heat was found to be equal to a mechanical force represented by 782:1 lbs. throug 
one foot. 

The author also stated the result of some experiments made more than a year pre- 
viously, by which he had found that when a spiral steel spring was compressed, no heat 
was evolved. The steel spring, whose particles were thus forcibly disturbed without 
a change of temperature being produced, was illustrative of the condition of a body 
possessing what is commonly called “latent heat.’ 


On an Amorphous Boracite. By Dr. M. Karsten. 

When boring for rock-salt at Neusalywerk, in the neighbourhood of Minden in 
Prussia, at the depth of about 1400 feet, a bed of amorphous boracite was found, of 
which specimens were brought out by the boring apparatus. 

The chemical analysis, which proves that the composition of the amorphous mineral 
is exactly the same as that of the well-known crystallized body, was made by me in 
Berlin, particulars of which may be seen in the monthly reports of the Berlin Aca- 
demy. It seemed to me interesting to examine if that uncrystallized species would 
show the pyroelectric quality which in so high degree is to be seen in boracite crystals. 
Sir D. Brewster has printed out a way by which the pyroelectric quality of pulverized 
tourmalin may be shown. By heating that substance, the fine particles cohere toge- 
ther and show that a polarization has taken place in them. The same phenomenon 
is to be seen in the particles of the amorphous boracite by pulverizing and heating it 
on a metallic plate. These boracite particles show by their pyroelectric properties 
that they must be crystallized, although by microscopic examination the crystallization 
cannot be discovered. The conclusion must be, that the difference between the cry- 
stallized and the amorphous state cannot be exactly determined, since the microscope 
shows in this case no crystallization where the pyroelectricity is a proof that we must 
suppose a crystalline structure. 


On the Directions of Planis as influenced by Light. By Prof. Maccaing. 


The following are the points demanding most attention in this paper :—1st. That 
the theories advanced to explain the curling up of tendrils do not agree with the ex- 
riments made on those of the Jamus communis, and that it is the result of a vital 
irritability acted upon by chemical agents. 2nd. That the direction of the green 
parts of plants towards light is not the result of an attraction properly so called. 
3rd. That the bending outwards of slit stems is due to the elongation of the cellular 
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tissue by endosmose of water and the resistance of the cuticle. 4th. That the quan- 
tity or rapidity of endosmose is not influenced by heat or by light. 5th. That light 
is the only agent of the natural position of leaves and of their turning over when in- 
verted. e blue rays are the most, the red the least, active rays. 6th. That light 
does not act in this case by a physical attraction or repulsion properly so called. 
7th. That the turning over of leaves takes place sometimes by a torsion of the foot- 
stalk ; sometimes by a curling of the flat part of leaves. 8th. The blue ray appears 
to be the most, and the red the least, active in operating the turning over the leaves. 
9th. That the exhalation of leaves is much increased when their inferior sarface 
exposed to light. 10th. That the decomposition of carbonic acid and the disen- 
gagement of oxygen gas are under the same circumstances considerably diminished. 


On the bearings of Photography on Chemical Philosophy. 
By Nevit S. MasxEe.yne. - 


The influences which constitute the solar beam, luminosity, caloric, and actinism, 
each possess two orders of physical effects; the one apparently constant in quality 
though varying in quantity at all angles of refrangibility, the other varying in quality. 
The constant property of illuminating and the varying one of colour characterize lu- 
minosity. The constant property of antagonizing mechanical cohesive force in bodies 
unites in caloric with the variable properties pointed out by Melloni in that principle 
at various angles of refrangibility. 

As to actinism, it would seem to have a chemical action of a constant character at 
all angles of refrangibility, as well as certain chemico-dynamical effects, some of which 
seem constant, others variable; while also the different manner in which different 
bodies absorb this principle at different refrangibilities (which may be called their 
chemical colour), would seem to point to a similar variable property to those of the 
other two principles. 

In its chemical character, then, actinism appears to be a force antagonistic to that 
holding in union the elements of a salt; probably never of a sufficient power, as found 
in the solar beam, to effect decomposition in any salt, not even in the argentine salts, 
without the presence of water, organic matter, or some other second body. But 
while actinism tends to destroy the force which holds in union the atoms of each salt 

resent, those atoms arrange themselves into new groups of bodies, which again are 
iable to a similar decomposition where the necessary conditions are present, as in the 
negative process with iodide of silver, and the positive process with iodide of potassium. 
us too we find silver deposited in the argentine processes on paper, and not its 
oxide, as may be proved by its various reactions with ammonia, hyposulphite of soda, 
cyanide of potassium, nitric acid, &c. In this view it is the affinities of the elements 
of one salt for those of another, or for some simple body present, that carry out into 
decomposition the tendency to resolution given by the actinic influence. 

It is worthy of remark, that the order, in point of facility of resolution, of salts 
(taking the argentine salts as the type of others), in the case of these actino-chemical 
(or rather actinolytic) decompositions is apparently identical with the electrolytic 
series. First stand the chlorides and the haloid family, then the strong acid salts, 
nitrates, &c., and then the weaker ones, acetates, benzoates, &c., and finally oxides 
and sulphides. 

Connected with the chemical action of actinism is the very interesting phenomenon 
of development of photographic action. There are three sorts of development. One, 
where merely reagents are used to produce contrast where the decompovition hax been 
produced. e next is a very interesting one, namely, where an effect, often invi- 
sible when first set up by the light, is gradually brought out spontseneously by re- 
maining in the dark, or is hastened and made more perfect by the addition of some 
compound of s character which readily undergoes the kind of change set up pre- 
viously by the light. It would seem to belong to the class of metamorphoses which 
Liebig has accounted for in his view of catalytic action being a communication of 
motion from one atom to many. The third kind of development is, where vapours are 
enabled to attach themselves to surfaces by these being exposed to actinio action; 
this belongs to the actino-dynamical or mechanical effecta of actinism, to which we will 
next refer. 
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Besides the interesting case of phosphorescence where no chemical change results, 
we have instances of unions of bodies effected by the principle we are considering,— 
hydrogen with chlorine, carbonic oxide with chlorine (phosgene gas), benzo] with 
chlorine (chloro-benzin), are instances of this synthetical power, which is probably 
the result of a mechanical compression by vibratory motion of the molecules of these 
bodies by which their atoms are brought within the spheres of their mutual attractions. 
The similar properties of nascent bodies are recognized as the result of their mecha- 
nical condition. In the Daguerreotype we have probably another instance of actino- 
dynamical action; the power of condensing vapours may be induced on polished pure 
metallic surfaces, and in the Daguerreotype process we have no evidence of decompo- 
sition. The singularly different effects of rays of different refrangibility, as shown by 
Sir J. Herschel, Draper, Claudet and othera, seem to point out the dveaimilarity of 
action to tbat on paper processes. 

The doctrine of interferences, as proposed by Dr. Draper, seems best to account for 
these effects; and Professor Groves's theory of the vibrations of light acting in matter 
itself and not in an ztherial medium, strongly favours the idea. 

The variable effects of light at various angles of refrangibility may be supposed to 
result from the rapidity of the vibration, while its constant attributes may be supposed 
as resulting from its extent or form. 


On Proteine and its Compounds. By Prof. Mutper. 


On a specimen of artificial Humboldtite or Melilite tn large Crystals. 
By Dr. Percy. 


On a new Potash Apparatus for Organic Analysis. By Dr. Percy. 


On Decompositions produced by Catalytic Bodies, and on the Molecular 
Constitution of Salts. By Dr. L. PLAyFatn. 


On two new Salis of Gold. By the Rev. J. B. Reapr, M.A., F.R.S. 


The author stated that if a few drops of liquor ammonice be added to 20 or 30 grains 
of iodine, and the compound be slightly heated and stirred over the flame of a spirit- 
lamp, the result is an ammoniacal solution of iodine having iodine largely in excess. 
The fluid thus obtained is an instantaneous solvent of gold leaf; and when saturated 
with the latter metal, it yields, upon spontaneous evaporation, four-sided prismatic 
crystals of ammonio-periodide of gold. These crystals Pave very much the colour of 
iodine itself. The application of a gentle heat disengages one equivalent of iodine, 
and leaves ammonio-iodide of gold as a white crystal. A higher degree of heat vola- 
tilizes al] the ammonia and iodine, and metallic gold remains. If a few drops of the 
solution be crystallized rather quickly on a slip of glass, arborescent metallic gold may 
be obtained, under the application of heat, as a very beautiful microscopic object. 

These salts may probably lead to the more accurate determination of the equivalent 
of gold, which at present varies from 66 to 200. 


On Sugar from Potatoes. By Sir R. H. Scoomsurex. 


On a peculiar Formation of Permanganic Acid. By Prof. Scnénszin. 


Entertaining the notion that permanganic acid is no peculiar degree of oxidation of 
manganese, but a compound of the peroxides of that metal and hydrogen (2Mn O, +- 
3H 0), and holding ozone to be a peroxide of hydrogen, I was led to suppose that 
permanganic acid might perhaps be formed by causing ozone to act in its nascent state 
upon a solution of sulphate, nitrate, or chloride of manganese. How far the correct- 
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ness of my conjecture has been borne out by experiment will perhaps appear from the 
following etatements :-— 

1, If the bottom of a vessel (filled with atmospheric air) be covered with an aqueous 
solution of any of the salts mentioned, and a piece of phosphorus having a clean 
surface placed in it, so that half its bulk rises above the Jevel of the fluid, the formation 
of ozone will immediately begin, provided the temperature be 15°-20° R., and under 
these circumstances the solution assumes gradually a beautiful deep red tint. I have 
little doubt that this colour is due to the presence of some permanganic acid, for 
that colour is discharged by all oxidable matters (charcoal not excepted) which de- 
compose the said acid. It seems however that for some reason or other phosphoric 
acid is required for producing the coloured liquor; and I must not omit to state that I 
have not yet succeeded in producing permanganic acid by treating the hydrate of per- 
oxide of manganese with free ozone, such as it engendered either by phosphorus or 
the electrolysis of water; and I must further add, that that hydrate (obtained by ozone 
and eulphate of manganese) also yields, even with dilute phosphoric acid at the 
common temperature, a deep red-coloured liquor. Hence it would appear that under 
the circumstances mentioned part of the protoxide of manganese of the sulphate is 
(by ozone) transformed into permanganic acid, whilst another part of the protoxide 
unites with the phosphoric acid, being produced by the action of the atmospheric air 
upon phosphorus. This phosphate of manganese, united to the permanganic acid, 
constitutes in my opinion the red liquor, but is, according to some chemists, a phos 
phate of the red oxide of manganese. 

2. Under given circumstances the same result may be obtained by the means of 
chlorine instead of ozone. {t is well known that strong muriatic acid put together 
with the hydrate of peroxide of manganese or with the anhydrous peroxide, yields at 
the common temperature a deep brown solution, which may be considered as a loose 
compound consisting of chloride of manganese and chlorine. Such a solution, on 
being mixed up with phosphoric acid, also produces a deep red fluid having all the 
perties of the coloured liquor obtained when in the manner above described p 
phorus is made to act upon a solution of chloride of manganese. If the power of 

hosphorus to produce ozone under certain circumstances had not been previously 
discovered, as well as the action exerted by ozone upon a solution of sulphate of 
manganese, &c., it would be quite impossible to give any account for the remarkable 
fact, that phosphorus on being put in contact both with atmospheric air and a dissolved 
manganese salt, is capable of transforming part of the protoxide of the latter into per- 
manganic acid, or if you like it better, changing a protoxide salt into one of the red 
oxides, that is to say, into a compound which is so ready to part with a portion of its 
oxygen and decomposed by phosphorus. These actions of that body, on account of 
their strangeness, deserve in my opinion more attention than they have hitherto 
met with on the part of our chemists. 


On the Products of the Decomposition of Chrysammic Acid. By Dr.ScHuncx. 


On a new Principle of Crystallization. By H. F. Tarsot, F.RAS. 


If we take a particle of nitre of the size of a pin’s head and melt it on a piece of 
glass, and then view it with a polarizing microscope, as long as the particle remains 
melted it exerts no action upon the polarized light; but when it solidifies, it becomes 
a single crystal. This would not be known without the employment of polarized light, 
since the fused particle has a rounded outline and there is nothing of a crystalline 
appearance about it. If a particle of glass of similar size were to be fused by the side 
of it, the two could not be distinguished by common light; but polarized light shows 
that the glass is amorphous, while the nitre is a single and perfect crystal. Now, if 
a plano-convex lens of microscopic dimensions were cut out of a regular crystal of 
nitre and placed on the glass, it would have the same effect upon polarized light which 
the fused particle has. The latter therefore is a portion of a single regular crystal. 

Besides nitre, some other salts have this property. Quartz, on the contrary, loses 
ite crystalline nature by being fused, and becomes amorphous, which is the case also 
with most other bodies. This property of nitre appears to depend on a new principle of 
crystallization. 
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Crystals generally arise from the deposition of fresh matter upon an original cry- 
stalline nucleus, so that the formation of the interior part of the crystal is prior im 
point of time to the exterior parts. But in the case of fused nitre, the formation of 
the whole crystal is simultaneous, and is doubtlessly produced by the contraction of 
the liquid mass in one direction, producing an energetic internal tension. 

Since external pressure (produced by screws, &c.) causes glass to assume a weak, 
doubly refracting structure, Sir D. Brewster has conjectured that all double refraction 
is owing to a permanent internal tension of the particles of transparent bodies, caused 
probably by their molecular attractions. 

This experiment on nitre seems to prove the theory to be true. Indeed that a con- 
siderable tension takes place in the nitre when it fom cold and solidifies, is manifest 
from the particle sometimes cracking in two. When it does so, the two portions on 
different sides of the crack become each of them a perfect crystal, but the two crystals 
have not the least relation to each other in respect of the position of their axes, which 
chance alone determines. Hence it is evident the crack takes place owing to differ 
ent portions of the crystal, while cooling, tending to contract in different directions; 
and as it is probable that there must be a tendency in a thousand different particles 
to contract in as many different directions, it is remarkable that, unless a crack actually 
takes place, these irregular tendencies are overpowered, and the contraction takes 
place in one determinate direction (perhaps the resultant of all the others). The 
truth of this is manifest from the employment of polarized light as a means of exa- 
mination, for that would immediately detect the least irregularity in the crystalline 
structure. If the different portions of the fused particle did not all possess the same 
direction of crystalline axis, part of it would depolarise the incident polarized light, 
while another part did not doso. But such is not the case, for all the portions mani- 
fest the same action with entire accuracy. Hence the conclusion seems irresistible, 
that in the case of nitre, a strongly developed internal crystalline structure is due to 
nothing else than internal tension, which tension took place simultaneously throughout 
the whole mass when it grew cold, and without in the least affecting either its size or 
its external outline. 

But since the growth of crystals of nitre, like that of other salts, from a small pri. 
mitive crystalline nucleus is a fact capable of easy observation, and that one fact can- 
not possibly be destroyed or in any way altered by another fact, it follows that the 
above new principle of cryatallization is not to be viewed as in any way hostile to the 
commonly received theory, but merely as supplementary to it, and as affording (it is 
conceived) an experimental proof in favour of the truth of Sir D. Brewster’s theory 
above-mentioned. . 

The experiment above described was first published by the author in the Philoso- 
phical Magazine, vol. xii. p. 145, but as he did not on that occasion draw the atten- 
tion of the scientific world to the important theoretical consequences which appear to 
be deducible from it, he thought it was not unworthy of being brought before the 
attention of the Chemical Section on the present occasion, 


On Biliary Coneretions. By Dr. Dx Vait. 


This was an examination by Dr. De Vrii, made with a view of ascertaining, par- 
ticularly, if the presence of copper could be detected in these concretions. It would 
appear, from the Doctor’s researches, that its presence is purely accidental, and by 
no means constant. 


On the Analyses of the Inorganic Constituents of Organic Bodies. 
By Dr. De Vai. 


Dr. De Vrii wished to call especial attention to the necessity of observing minutely 
the precaution recently insisted upon by Prof. H. Rose in respect to the Setermina. 
tion of the inorganic constituents of organic matter—as of the blood, for example. 
Dr. De Vrii having made comparative experiments for determining the quantity of 
inorganic matter in blood by the usual mode of incineration, and by that of Rose, 
which consists in treating the residue, after careful carbonization, with dilute hydro- 
chloric acid, obtained one-fourth more inorganic matter by the latter than by the 
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former process, This difference is very considerable, and ought especially to exrit 
the attention of chemists engaged in the quantitative determination and analysis of 
the ashes of plants. 


Experiments on Crystallization under extreme Pressure. By W.S. Wan. 


This was a statement that a number of experiments had been made since the last 
meeting of the Association, with a view of determining if a speculation then throw: 
out was correct. Common salt, muriate of ammonia and other salts were exposed, 
in solution, to a pressure of 100 atmospheres ; but no difference in their crystalliz- 
ble powers were apparent. It was therefore proved, that under a pressure equal to 
that found in the depths of the Mediterranean no crystallization from pressure would 

e place. 


Mr. Ward exhibited a new Galvanometer. In this instrament the current is 
measured by the deflection of the conducting wire by a permanent magnet. The coil 
of wire being placed vertically over the poles of the magnet, is free to move, and as 
the current is more or less powerful, the coil requires a greater or less weight to 
bring it to its original position: hence the force of the current is expressed in grains 
instead of in degrees. 


On the Inorganic Constituents of Root Crops. By Prof. Wavy. 


On the Preservation of Metals and Metallic Combinations from Oxidation, 
Decomposition and Injury from Marine Deposits and Incrustations. By 
Baron CHARLES WETTERSTEDT. 

This communication detailed the advantages which have arisen from the use of 
the patented process of applying what appeared from the statement to be a sulphuret 
of copper, in the form of a varnish, to ships’ bottoms. Numerous specimens were 
shown in proof of the protecting influence of this composition. 


GEOLOGY AND PHYSICAL GEOGRAPHY. 


On a remarkable Movement of the Sulden Glacier under the side of the Ortler 
Berg, in the years 1815-16, and also in 1845-46. By Sir T. D. Acuann. 


Tae author stated that in the year 1815 the Sulden glacier had moved for a space 
of more than two statute miles down the valley from its ordinary position, and that 
in the year 1845 it had retired again to the same place as it ordinarily occupied ; but 
in the April of 1845 it again commenced to move; and early in 1846 it had moved 
upwards of 2000 yards, leaving about three quarters of a mile still to be passed 
over before it would arrive at the point in which it had before stood. Sir Thomas 
read, as part of his statement, the following extracts from a letter on the subject by 
Dr. Stotter of Jnnspruch :— 

“The Sulden valley breaks, to the south of Stilfs, into the mountain-stock of the 
Orteles and of the Konigswand, around which large glaciers are extended. We 
" mention the Marling glacier on the western side of the valley, which overflows the 

slope of the Orteles ; the King’s or Gampen glacier, which, beginning on the glacier 
region between the Orteles and the Konigswand, fills up the highest part of the Sulden 
valley; to the south-east of the same the Platten glacier connected with the ice-moun- 
tains of the valley Martel, and the Zeih glacier, which is situated towards the north. 
east in the high valley of the Zeihriver. All these glaciers are within the last year 
in active motion; and as we understand by the kind communications of the curate, 
Mr. John Giamara in Sulden, it is again the King’s or Gampen glacier, the greatest 
of all, which displays the most activity. Since the period of its lust movement in the 
years 1815 to 1817, this glacier had considerably retired, and likewise very much 
diminished in mass. Its surface was but little cloven, and could be stepped upon in 
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every direction without opposing any impediment. In the last year, however, this 
state of repose has changed. The ice puffed up, burst everywhere, displaced itself, 
and formed soon on the surface those ice-needles and pyramids which usually announce 
a violent motion. These phzenomena were accompanied with crackings and with a 
noise perceptible at great distances, which particularly increased during the time of 
the strong cold in the winter. The tongue-top (Zungenspitze) of the King’s glacier 
stood, in the past autumn, still far from the Legerwand (Leger-wall), behind the 
Campenhof; now it stands above it, forming a second wall. According to the esti- 
mate of Mr. Giamara, the whole length of the way which the ice-stream bas made in 
this period of its motion, is more than 6000 feet, and still it is unweariedly thronging 
forward. The latter is proved by the daily rushing down of ice-masses from the Leger- 
wand (Leger wall), which, in the plain of the Gampenhof, increase already to an ice- 
mountain, The ice has not yet occupied the whole of the valley which it filled up in the 
period of its movement from 1815 to 1817, as is still visible in the remainder of the 
morains ; but it is to be feared that the glacier, by the great quickness of its advance, 
which according to the statement of older men is greater than in the above-mentioned 
years, may extend itself still more, and carry destruction over the remaining meadow- 
grounds of the Gampenhof There is no reason to fear here the formation of a sea 
as in the Vernagt glacier; but the ice may very likely destroy the pasture-grounds 
and meadows, as happened thirty years ago, or by sudden melting cause inundation. 

“It is very much to be desired that Dr. Tappeiner, who, as we know, occupies 
himself closely with the study of the glaciers, and is, by the neighbourhood of his 
residence, beat enabled to do so, may for the benefit of science devote attention to 
this subject, and, united with Mr. Giamara, follow these curious and interesting 
phenomena.” 


Notice of the Discovery of some new Cystideans from the Wenlock Shale near 
Walsall. By J. Bucxman, F.G.S, 


The author confirms in this paper the discovery of a new species of Hypanthocri- 
nites of Phillips (H. granulatus), which was mentioned at Southampton, and adds 
notices of two additional species of the Cystideans of Von Buch, all from the Wenlock 
shale of Walsall. 

One of them appears to be a Cryptocrinites, about six lines long and three broad. 
The other is much larger. The author minutely describes the construction of each 
species and adds illustrative drawings. He remarks on the relation which the fossils 
bear to Russian forms; and as these latter are said to belong to older strata than the 
Dudley limestones and shales, proposes as a matter for further determination, the true 
age of the Walsall shales, which may; he conceives, possibly be found to be of older 
date; and in that case the Hay Head limestones would not be equivalents of the 
Dudley rocks, but of older Silurian strata. 


On the Occurrence of Marine Plants in Worcestershire. 
By James Buckman, F.G.S. 


The object of the present paper is to lay before the Association some facts con- 
nected with the distribution of marine plants in the county of Worcester. 

In botanizing some time since on the banks of the Droitwich Canal, which pro- 
ceeds from the borough of Droitwich into the Severn near Worcester, I was 
surprised to find several patches of Glaur maritima and Arenaria marina, two plants 
so undoubtedly marine, that, as far as I know, they have never been elsewhere 
observed in an inland locality. 

Now as this canal is connected with the salt-works of Droitwich, a quantity of 
refuse water from the brine-springs and the mother-water from the manufactories of 
salt are constantly flowing into it; it is therefore literally a salt-water canal, and 
has a very brackish taste afong its whole line, and yielded to a recent examination 
64 grains of chloride of sodium (common salt) to the imperial pint; so that we can 
have little difficulty in accounting for marine plants flourishing and extending thein- 
selves in this situation ; but it becomes a curious inquiry as to how they first became 
located there; and in considering this question two propositions appear to be open 
to our choice, 
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let. Did the seeds of these plants find their way to the canal from the manne 
districts which are their usual habitats? or . 
2nd. Did such plants originate from seeds which have lain dormant in the exth 


for an indefinite period? 


The author answers the first of these questions negatively; and in considering the | 


second point, describes the general structure of the Severn valley, especially is 
terraces of different elevation, due to successive vertical movement. 

That these terraces mark the height of the water there can be little doubt, as ther 
are made up of marine gravel and sand; and in several places these sands hare 
yielded specimens of marine shells, at once testifying to the truth of a ! strait or 
estuary occupying a position between the Malvern and Cotswold chains of hills: the 
following is a list of marine shells from the banks of the Severn, near Worcester* :— 


Anomia ephippium. Littorina littorea. 
Astarte (fragment of). Murex erinaceus. 
Buccinum reticulatum. Ostrea edulis. 

Bulla ampulla. Purpura Lapillus, 
Cypraea pediculus, Tellina solidula. 
Cyprina Islandica. Trochus cinerarius. 
Cardium tuberculatum. Turritella unguilins. 
Dentalium entalis. ———~ Terebra. 

Donax (fragment of). Venus (fragments of). 


These shells, which occur with remains of mammalia, are all undoubtedly marine, 


and, as has been remarked by Sir R. Murchison, they are mostly identical with those 
now inhabiting our coasts; and thus no doubt is left as to the comparatively reces: 


epoch when the tract in question was submergedt. So that there can be little doux | 


that, as this ancient arm of the sea—or rather strait—divided England and Wales into 
two islands, marine plants as well as animals must have flourished on its shores: the 


sea receding would cause the destruction of such plants as really required saline wate _ 


or sea breezes for their existence, whilst others only semi-marine would still manage 
to struggle on; and the following list of such plants now growing in the vale of the 
Severn affords curious examples in illustration of this point. 

List of semi-marine plants occurring in the vale of the River Severn :— 

Apium graveolens,—Between Cheltenham and Gloucester; plentiful on the banks 
of the Droitwich Canal. J. B. 

Bupleurum tenvissimum.— Welland Common, base of the Malverns, Mr. E. Lees. 

Erodium maritimum,—Hartieburgh Common, near Stourport. Mr. E. Lees. 

Gastridium lendigerum.—Sarnhill Wood, near Tewkesbury. Mr. E. Lees. 

Plantago maritimus.—Near Stourport. Mr. E. Lees. 

Rosa spinosissima,—Longdon Marah, near Upton-upon-Severn. J. B. 

Rumer maritimus.—Longdon Marsh. J. B. 

Scirpus maritimus.—Longdon Marsh. J. B. 

Smyrnium olusatrum.—Tewkesbury. J. B. 

The perfectly marine plants could not continue their species because the required 
circumstances for the germination of their seeds were absent ; but these seeds never- 
theless have not all been destroyed, but their germs, as in the case of those on the 
Droitwich Canal, have been called into activity the moment circumstances were 
favourable to such a consummation. 

The author, after stating proofs that seeds are thus capable of germinating after 
the lapse of ages, addsa— 

These instances favour a belief that plants long unknown to a district may re 
appear when circumstances are favourable; and, coupled with the evidence adduced 
in support of the hypothesis that the district along which the Droitwich Canal runs, 
and other places contiguous to the Severn, were occupied until 3 comparatively recent 

riod with a f¢forai flora, lead to the conclusion, that the Droitwich marine plants 

ave been derived from seeds which have long been lying dormant, and having been 
exposed by the making of the canal, were called into activity by the subsequent adap- 
tation of circumstances to their wants ;—in short, that these prants are the offipring 
of those which were there when the saline conditions formerly prevailed. 


* From the Silurian System. + Sil. Syat. vol. i. p. 588, 
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On Geographical Maps and Models. By Faepenicx A. Carrineron. 


* On Professor Savi's Work on the Phenomena observed during the Earthquakes 
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in Tuscany in August 1846. By W.J. Hamizron, F.G.S., Pres. Geog. Soc. 


On the Freshwater Eocene Beds of the Hordle Cliff, Hants. 
By the Marchioness of Hastines. 


In the freshwater eocene beds of the Hordle Cliffs on the coast of Hampshire, 
opposite to Alum Bay, and the chalk cliffs occurring between that bay and the 
Needles in the Isle of Wight, are two layera of white sand, in both of which have 
been found remains of the Palweotherium. They both dip to the east, and are 
only sixty yards in length. The lowest one, which is composed of sand inter- 
mixed with marl, is first seen at low-water mark, rises to the west, and is very vari- 
able as to thickness and direction. The upper layer, which is fifteen feet higher, 
varies in thickness from six to twelve inches, and extends beneath the surface in a 
horizontal direction as far as we have been able to penetrate. The way in which 
animal remains are scattered in this layer is very curious. For many feet, the sand 
which is peculiarly fine, remains pure and unmixed with anything save here an 
there a Planorbis, a Limneus, a fish-scale, and seeds of the Chara. Then the layer 
increases in thickness, the signs of organic life are more frequent, indurated masses 
of sand occur; masses of Potamida are found ; and surrounded and encrusted by 
these, we come upon the remains of Palseotherium and other extinct Pachyderms, fish, 
tortoise, and crocodile. The manner in which the component parts of these animals 
are found separated and scattered is very curious; and it is very rare indeed to find 
specimens so perfect as those I have been fortunate enough to become the possessor 
of. In the upper strata were found the remains of a new species of extinct Pachyderm 
(Paloplotherium) described in his recent communication to the Geological Society 
by my friend Professor Owen. Within three feet of it, and having we may fairly 
presume just finished so copious a meal upon It as only to leave the upper jaw and 
skull undevoured, and that even bearing symptoms of having been commenced upon, 
was found the beautifully perfect head of the crocodile which Mr. Owen will de- 
scribe, with many vertebra and enough of the remaining parts of its skeleton to 
enable him to form a very correct idea of the whole creature. Mixed up with these 
remains were some bones of Paloplotherium, evidently forming part of the animal to 
which the head belonged ; and likewise the jaw of the offspring of the crocodile, so 
small as to warrant the supposition that it was barely ushered into existence when it 

rished. 
ae must not omit likewise to state, that close to this crocodile’s head (the whole 

up comprising a space of about six feet long by ten inches only in thickness, and 
following each other nearly in a straight line) were found the nearly entire shell of a 
fossil Trionyx (the finest eocene fossil of the kind which Professor Owen bas ever seen), 
and the jaw, vertebra, and scales of a fish of the order Lepidosteus. 

At the distance of twenty or thirty feet from this group was found the entire upper 
jaw and head of a crocodile, rather smaller than the first specimen, but infinitely 
more perfect, as the palate is preserved entire. 

It is now eight years ago since I found in a locality between Cowes and Colwell 
Bay, but little known, scales and teeth of crocodiles, shell of Trionyx, the palate of the 
Pristie Hastingsii, then just named by M. Agussiz, and a bone figured and described 
by Mr. Owen in his ‘ British Mammalia’ as Lophioden or Paleotherium. , 

I will conclude with remarking, that the vertebra and other bones of the Croco- 
dile and Paloplotherium being found at intervals of from four inches to three feet apart 
to the westward of the heads (being the heaviest parts) of the animals, would with 
other causes lead one to infer that the current ran to the westward, and that the 
settling down of the liquid mass of sand in which they are imbedded was much more 
gradual than that of the lias shales, in which are found the nodules which contain the 
remains of Ichthyosauri, &c., whose destruction would seem to have been compassed 
by a much more expeditious agent. ; 

The very perfect state in which these brittle remains are found before being taken 
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out of the strata in our cliff, seems to indicate that since this deposit took place 
there can have been no vioLenT disturbance in this strata. The coincidence of my 
having found the same remains, especially the crocodile, in a group in the same 
strata, and at the same height or thereabouts from high-water mark on both coasts, 
strikes one as indicative of the space occupied by the freshwater lake or river, at the 
time ai their deposit, being nearly similar, or equivalent to that now occupied by 
the Solent. 


On Detritus derived from the London Clay and deposited in the Red Crag. 
By the Rev. J. S. Hensiow. - 


Peculiar nodules in the red crag at Felixtow in Suffolk had been formerly con- 
sidered by the author to be of coprolitic origin; but it had since been satisfactorily 
shown that they were detrital materials from the Londonclay. Nodules containing 
about 56 per cent. of phosphate of lime occur in great abundance at Colchester in 
the London clay ; and those in the crag are only nodules of this description slightly 
rolled and somewhat modified by having had a portion of iron pyrites converted to 
oxide of iron, It was the author’s object to show also that the Cetotolites described 
by Professor Owen, numerous fragments of bones, and many highly mineralized fossils 
found in the crag must be classed as detrital materials from the London clay. The 
genuine crag fossils are readily separable from those of the eocene period by ther 
not being mineralized ; and such is the case with fish-bones, crustacean and other re- 
mains, as well as with the testacean shells, so abundant and well-known in the crag. 
There are hollow nodules of oxide of iron in the same beds, with other detrital 
materials ; and it was considered that these had been derived from decomposed nodules 
of sulphuret of iron, so common in the London clay. The materials which had far- 
nished the phosphate of lime to the nodules first noticed appear to have been derived 
from decomposed bones, teeth, and crustaceans. 


On a New Species of Nautilus from the Halifaz Coal Beds. 
By James Inouis, M.D. 


The author offered to the attention of the Section of Geology two remarkable 
species of Nautilus, one sup to be new, which he had obtained from the Halifax 
beds of the Yorkshire coal-field. The new species he proposed to name, in honour 
of the President of the Association, N. Inglisii. 


ln wwe 


On the Plants of the New South Wales and Van Diemen's Land Coal-ftelds. 
By Frevericx M‘Coy. 

The essay contains figures and descriptions of seventeen new species, and ena- 
merates (together with observations on) most of the species described from the same 
district by Brongniart and Morris. All the species are peculiar to Australia and Van 
Diemen's Land, except the Glossopteris Browniana, both of the varieties of which 
occurring in the supposed oolitic coal-fields of India were here noticed. 

The new species belong to the genera Vertebraria, Ztopteris, Cyclopteris, Spheno- 

is, Glossopteris aad Phyllotheca, of which the first and two last are only known is 
coal-fields of the oolitic age, and the others are common to those of both the oolitic 
and carboniferous periods. The new Vertebraria is closely allied to one from the 
Burdwan coal-field, and throws some light on the structure of the genus. Two new 
species of Phyllotheca are described, and the inflorescence of the old one, which is 
stated toexactlyresemble the inflorescence of the recent Casuarina stricta, thus widely 
separating those fossils from the Equisetaceaz, with which botanists had compared them. 
All the other points of structure were also shown to agree closely with Casuarina, in- 
ducing the author to place them in the same family. Another recent Australian form 
was recognised in the Pecopteris odontopteroides (Morris), which the author ascer- 
tained to have possessed a dichotomous frond, as in the recent Gleicheria; the plant 
was placed in the genus Gleichenites (Gip.), but the close affinity to the Keuper genus 
Heptacarpus was pointed out. The South Esk and the Jerusalem coal basins of Van 
Diemen's Land were stated from the fossils to be of precisely the same age as the 
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Newcastle basin of New South Wales. In a very large collection of plants examined 
from those localities, it was stated that no tracé existed of Lepidodendron, Sigillaria, 
Favularia, Stigmaria, or any characteristic fossil of the old coal of Europe or America. 


On Count Keyserling’s Geology of the North-eastern extremity of Russia in 
Europe. By Sir R. 1. Morcuison, F.R.S. 


Sir R. Murchison exhibited the new work, entitled ‘* Wissenschaftliche Beobach- 
tungen auf einer Reise in das Petschora land”; and explained its value in completing 
the acquaintance of geologists with the great north-eastern angle of Russia in Europe, 
which is watered by the river Petchora. The geographical and astronomical obser- 
vations in this expedition (to a region previously known only imperfectly to the 
Russians through the traders in fur), are by M. P. Von Krusenstern of the Imperial 
Navy. The geological outline of the present work (executed in 1843) was communi- 
cated to Sir It. Murchison previous to the publication of the volumes on the geology 
of Russia and the Ural Mountains, and constitutes one of the chapters of that work ; 
but the object of this communication was to call attention to the additions which had 
appeared, first in regard to the physical and geological delineations of this wild 
country in two maps; and secondly, to the numerous plates (23 in number) of the 
organic remains of the Silurian, Devonian, Carboniferous, Permian, and Jurassic 
systems occurring in a hitherto unexplored region which extends over near | 1° of 
lat.; viz. from 60° to 71°N. lat., and 25° of long., including the northernmost range 
of the Ural Mountains. Sir R. Murchison stated, that although the eastern flank of 
that chain had been touched upon at one or two points by the authors, and notably 
in N. lat. 65°, enough had only just been done by them in this respect to connect in 
an approximate manner the structure of the northern end of the chain with that pre- 
viously described:—all this rocky territory extending 3° and 4° of lat. beyond the — 
limits of arboreal vegetation is now under the survey of a distinct expedition com- 
manded by Colonel Hoffman, and sent out under the auspices of the Geographical 
Society of St. Petersburgh. The chief geological interest attached to the work of 
Count Keyserling (in addition to the points alluded to) is the determination of an 
axis of paleozoic rocks constituting the Timan Ridge, which branching off from near 
the Ural Mountains in lat. N. 62°, trends in a N.N.W. direction on the left bank 
of the Petchora to the Bay of Tcheskays, and is prolonged into the promontory of 
Kanin-Nos in lat. 68° 45’, This ridge, divergent from the meridian direction of the 
Ural Mountains, but parallel to their northern extremity, seems to form a part of the 
great girdle of paleozoic deposits which wrap round the crystalline nucleus of Lapland 
and Scandinavia, of which the Baron Leopold von Buch, by his description of the 
fossils collected there, has recently determined an important fragment of carbonife- 
rous age in Bear Island near Spitzbergen, on the north-western flank of Scandinavia. 


On the Fossils obtained by the Marchioness of Hastings from the Freshwater 
Eocene Beds of the Hordle Cliffs. By Professor Owen, M.D., F.R.S. 


Of the fossils obtained by the Marchioness of Hastings from the above-described 
freshwater deposits, some specimens indicative of a new genus of Pachyderm ( Palo- 
plotherium) intermediate between the Paleotherium and <Anoplotherium, had been 
recently described by Professor Owen at the Geological Society of London. Those 
which were exhibited by Lady Hastings to the Geulogical Section, consisted of two 
remarkably perfect fossil skulis of an extinct species of crocodile, and the singularly 
complete carapace of a freshwater tortoise (Z'rionyz). Professor Owen commented 
on the extremely fragile and crumbly character of the fossils when first extracted 
from the sands described in the preceding memoir, and on the skill and care with 
which the rare and valuable fossils exhibited had been re-adjusted, cemented, and 
restored to their original perfect state. All the requisite characters for determinin 
their nature and affinities could now be studied with the same facility as in the skulls 
of existing crocodiles. 

These were divisible into the three genera of Gavials (Gavialis), Alligator (Ali- 
gator), and Crocodile proper (Crocodiius). The two specimens on the table differed 
from the modern Gavials and ancient Teleosaurs in their broad and strong and com- 
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paratively short jaws. With to the remaining genera, the first character 
pointed out was the relation of the large canines of the lower jaw to the upper jev. 

n the Alligator these teeth pass into depressions on the palatal surface of the uppe 
jaw, and are concealed from view when the mouth is closed: in the true Crocodiles 
the inferior canines rest in grooves or notches upon the outer margin of the upper 
jaw when the mouth is closed, and their entire crowns are exposed. in this character, 
as well as in the festooned contour of the alveolar border of the upper jaw, both the 
Hordle crocodilian skulls exhibited by Lady Hastings agreed with the true Crocodile 
and differed from the Alligators. 

Professor Owen then entered into a comparison between the fossil crocodile of the 
eocene sands of Hordle, and the fossil crocodile figured ia Buckland’s ‘ Bri 
Treatise’ from the eocene clays of Sheppey, and showed that whilst this resembied 
in the regular attenuation of the snout and the comparatively straight border of the 
upper jaw the existing crocodile of Borneo (Croc, Schlegelii), the fossil crocodile of 
Hordle more resembled the crocodile of the Indian continent in the greater breadth 
of the muzzle, and the strong festooning of the border of the upper jaw. 

Both the fossil species however were plainly distinct from their nearest existing 
congeners; and as Dr. Buckland had given to the Sheppay crocodile (Crocodite 
Spenceri) the name of the possessor of the rare specimen of that speeies, Professor 
Owen proposed to call the extinct species from Hordle Crucodilus Hastingsia, in 
honour of the accomplished lady by whom the singularly perfect examples of the 
species had been recovered and restored. 

It would seem that the Crocoditus Hastingsia was not the only specimen of Sauriam 
from the Hordle cliffs. Dr. Mantell refers to “a fossil species of Alligatur (Alage 
tor Hantoniensis) described by Mr. Searles Wood, from a specimen of the lower ja¥ 
and teeth found in the freshwater beds at Hordwell Cliff.” 

Professor Owen had not seen this specimen, which, if it possess the characters of 
the genus Alligator, would indicate that what is now a peculiarly new-worild forn, 
had once existed in Europe. 


On the Formation of Coal, &c. Extract of a Letter from Prof. Boguslawski 
of Breslau, communicated by Prof. Powett. 


Dr. Gopping, now Rector Magnificus of the Royal University and President of the 
Silesian Society, has succeeded, after many years’ experiments, in converting vege- 
tables in the moist way (at a temperature of 140° to 210° Fahrenheit, which he only 
employs however in order to accelerate the process), after the lapse of one year, into 
brown coal or lignite, which is hardly to be distinguished from the true lignite ; nar 
more, by an addition of th of sulphate of iron, in order to supply the place of 
the sulphuret of iron or pyrites, which often occurs in coals, he has succeeded ia 
producing the black colour peculiar to coal. He has also been able by his process to 
cause Venetian turpentine, produced from branches of the Pinus larix by digestion, to — 
acquire in the same time the insolubility of the fossil resins (such as retin-asphalt, 
amber, &c.) in alcohol. These experiments, which I have seen myself, seem to prove 
to my friend that no very long geological period is required for the formation of 
coal. 

On the Origin of the existing Physical Outline of a portion of Cardiganshire. 

By A. C. Ramsay, F.G.S., Prof. of Geology in University College, London. 


The object of this paper was to explain the probable causes that gave rise to the 
existing physical outline of certain parts of Cardiganshire. Two geological sections 
were exhibited on a horizontal and vertical acale of six inches to a mile, extending from 
the interior of South Wales to the coast of Cardigan Bay. The district to which the 

aper referred is composed of a portion of lower Silurian strata highly contorted. 

he country is intersected by numerous valleys. It was shown that, in accordance 
with the curvatures of the beds as exhibited in the sections, large mazses of rock 
(the outcropping edges of which rise to the surface) were once continuous edeve the 
existing curves. These were removed in a period subsequent to the disturbances that 
effected the contortions of the strata. The sections were described as being nearly po- 
rallel, running from east to west, and about twenty miles apart. By drawing straight 
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lines in each from the highest points about eighteen miles inland, to the highest points 
of the cliffs immediately overhanging the sea, it was found that none of the intermediate 
ints of land or hill tops were elevated above these lines. They frequently touched, 
ut never rose above them. These lines therefore represented two planes of about 
eighteen miles in length gently inclined towards the sea at an angle of nearly 13°, 
and beneath them all the valleys are excavated. It was attempted to be shown that 
these coincidences probably arose fram some general cause applicable to the whole 
district, namely, the peculiar manner in which the denudation of the country was 
produced, ° 
Suppose before the removal of parts of the curved strata that originally rose above 
the inclined planes, the relative levels of sen and land were such that the highest 
points of land now immediately overhanging the sea were lowered to its level ; then 
Suppose a gradual sinking of the district bearing a proportion in time to the amount 
of waste effected by the action of the sea; then, as the sinking and denudation pro- 
gressed, by the time the sea had exten in as far as the highest points in the interior 
touched by the inclined lines, there would be an inclined plane beneath the level of 
the sea, extending seaward from that point at some given angle. In this instance it 
is represented by the angle that the line which touches the hillstops of the sections 
makes with the horiaon vis. 11°, and this would give a depth of water (not allowing 
for the accumulation of debris spread on the floor thus constructed by the ocean for 
itself) of about two hundred fathoms at the distance of eighteen miles from shore. 
It was then stated, that as the land again emerged from the sea, or during various 
subsequent oscillations of level, valleys were excavated by further denudation, and that 
the higher points of land as they now exist are only the relics of an average general 
gentle slope represented by the straight line drawn from the inland heights towards 
the sea, it was further stated, that if in the construction of other sections across this 
country exceptions should be found to the rule that points of land do not rise above 
the inclined plane described, this would not invalidate the general argument, since 
many cases may have occurred in which outlying islande resisted the progress of 
denudation long enough to break any absolute uniformity. 


On Mapes of Sweden. By Count Apo.tras De Rosen, Swedish Royal Navy. 
The author presented and explained the following maps, viz.— 

No. ]. Hypsographic Map of Sweden .......00..-ssssscesees . His Royal Highness 

— 2 Mep of the Position and Character of the Forests arl Ludwig Eugene, 
of Sweden in regard to their appropriate use ... { Crown Prince of Swe- 

— 3. Map of Sweden, representing its frou produce ...J den and Norway. 

—— 4. Map of Sweden, representing the Distribution of) py Go} Christ. Loven 
its Population, from the most recent statistical + Crsie Swedish army. — 
GOCuMEDES .....cecseecsenevees deesceeccsenses besccecees y 

— 5, Map of Sweden and Norway, showing the mated aa Capt. Aug. Stahr, of 
and Military organization of those two kingdoms eTo ic Corps. 

mu "6 By Col. CoP. Hallstrom, 

— 6. Map of the Watercourses of Sweden ......0000..0064 Of the Hydrographic 


Corps. 
. B Cot. Carl af Forsell 
— 7. General Map of Scandinavia, Sweden, Norway and : ° 
Denmark, with the projected sien, Norway end { hief of the Map De- 


partment. . 
— 8. County Maps of some Provinces of Sweden ...... { PY ome oFeoprapbic 


In noticing the preparation of these maps, and especially those which were con« 
structed by H.R.H. the Crown Prince of Sweden, Count Rosen mentioned the 
great labour and perseverance of His Royal Highness in collecting authentic mate- 
rials for his work. He has in fact corresponded with every curate, every mine 
inspector, almost all the iron-masters, mine-holders and smelters in the country, and 
with every man in office over the country who has anything to do with the mining 
depertment, or with the woods and forests. 

0.1. Hypsographic Map of Sweden.—This map shows the height above the 
F2 


*. 


68 REPORT—1847. 


level of the sea of the different points,—every hundred feet being designated by a 
different colour. Thus, for instance, dark green comprises all those Pp ih 
are situated on a level less than 100 feet above the sea; light green those betweea 
100 and 200 feet ; brown, those between 500 and 600; and so on. 

At the foot there is a table, showing the elevation of the towns above the level of 
the sea. 

No. 2. Map of the position and character of the Forests of Sweden, in regard to 
their appropriate use.— Upon this map all the ground occupied by woods and forests is 
laid down in o, and the different shades are intended to designate the different 
character of the forest; thus the light shade of green represents those forests which 
can only be employed for firewood, charring and home consumption ; wheress the 
dark shades represent those which can produce large timber for exportation. Unp- 
fortunately this map is not finished, for the Prince had not had time to lay down all 
the deeper shades when I copied it; from this circumstance it happens that a great 
many of the finest and the oldest forests in this map only appear fit to produce fire- 
wood and timber for buildings such as are uséd in the country: of course this wil! 
be altered as soon as the skeleton map has been finished. The forests of Sweden 
are, as may be perceived froni this map, immense; nay, in the north and in the far 
interior, there exist forests where the axe never yet resounded, and where the human 
foot hardly ever trod. 

No. 3. Map of Sweden, representing its Iron produce.—This map is very peculiar, 
and, as I think, quite unique in its kind, for it shows at one glance the whole more. 
ment of the iron produce, which is well known to be the most important branch of 
commerce in Sweden. Upon it all the mines are marked or shown by smal! round 
marks of different colours, according to each different mining district or inspection 
Thus, for instance, the blue designates the northern district or inspection, while 
yellow designates the upland district, in which are situated those well-known mines 
of Dannemora, whence comes that superior iron which is sent to England to be cos- 
verted into steel, and whereof a part finds its way back to Sweden. 

From the mines, a line of the same colour leads to all the blast furnaces which 
prepare the ore of those mines, and from the blast furnaces another line of the same 
colour leads to all those forging places or iron-hammer works which use the pig-iron 
produced at the blast furnaces. From all the forging works a line of lake colour leads 
to the respective ports where this produce is shipped. Wecan therefore, as I said, 
with great facility trace upon this map the movement of the iron produce from the 
place where it comes out of the mine in the shape of ore till it is loaded in one of 
the ports in the shape of bars. Here I hope it will be allowed for me to remark, 
that since the last year a new zra has begun in the iron trade, for up to that time it 
was fettered by numerous restrictions; for instance, each forge was not allowed to 
produce yearly more than a certain quantity of iron, proportionate to the quantity 
of charcoal which each iron-master could produce within a certain district. It is 
needless to remark what a baneful influence this and other restrictions which were 
removed last year, necessarily had upon the irun trade. I have no hesitation in 
saying that within a very short pericd the iron trade of Sweden will revive, and 
become again what it once was, one of the most important branches of commerce 
in Europe. 

No. 4. Map of Sweden, representing the Distribution of the Population, from the 
most recent statistical documents.—Upon this map the different colours represent the 
difference of density of the population of the country; for instance, the light yellow 
shade with black line in it shows that in that locality there are only 500 inhabitants 
per square Swedish mile, while the lake colour designates 8000 inhabitants per square 
mile, and the black 15,000, &c. If we compare this map with the forest map which 
I have already had the honour to exhibit, we shall find that they correspond exactly, 
so that wherever the forests are designated, the population on the same spot is in 
the other map shown to be more or Fess dense in proportion as the forests more or 
less predominate. 

No. 5. Map of Sweden and Norway, showing the Naval and Military organization 
Of those two hingdome.—Upon this map the different naval and military districts into 
which these kingdoms are divided are shown by different colours. Thus, blue desig- 
nates the first military district and orange the second. 
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In the margin are tables showing the number of regiments, their strength, place of 
depéts, the number of days it will require to have them assembled at any given point, 
&c. ; in fact the whole exhibits the organization of the naval and military forces of 
the two countries. 

No. 6. Map of the Watercourses df Sweden (south and middle part).—On this map 
all the culminating ridges are shown, nnd how the watercourses (or rather in what 
direction the waters) take their course in consequence. 

No. 7. General Map of Scandinavia.—This map comprises the whole of Scandi- 
navia, Denmark, Sweden, and Norway, with the exception of the northernmost part. 

On this map the different railroads which are in contemplation to be made in 
Sweden are marked with a redline. —__ . 
On a System of Colour for all Geological Maps. 

By J. W. Sauter, F.G.S., A.£.S. 


The differences of principle, as to the colouring of geological maps, which exist be- 
tween their various authors, render the comparison of distinct areas difficult, and will 
always present obstacles in the way of generalization, while such various methods exist. 

The object of this communication is to propose one uniform scale of colouring 
applicable to all districts,—by adopting as its basis the prismatic spectrum. The 
advantage of adopting such a standard is obvious, since it is acknuwledged by all 
scientific men of whatever country ; and it fortunately offers us a sufficient number 
of distinct colours, yet graduated and harmonized with each other, for all the chief 
groups of strata acknowledged by geologists. 

The prismatic spectrum of Newton, as seen in the lower arch of the rainbow, con- 
sists of seven colours, and these it is proposed to apply in the annexed diagram to 
the geological scale. The older and obscurer strata seem most naturally to be re- 
presented by the dull and darker end of the spectrum, and the brighter ones will 
represent the approach to the modern period. The annexed divisions are not strictly 
what each geologist must admit, but the upward or downward extension of any one 
will not affect the general principle. 


Red......+...covccssseL Crtiary. Tndigo........s.000Lower Palgozoic, 
Orange......000 .-- Cretaceous, Silurian andCam- 
Yellow.............Oolitic. brian. 
Green.......cecsee- 1 TIASSIC. Violet.........++..Hypazoic or Azoic 
Blue.......0. oooeees Upper Palseozoic,in- stratified rocks. 


cluding Permian, | Dark-red, spotted 

Carboniferous and or striped with 

Devonian. different colours, Igneous and intru- 
sive rocks, 


Each of the above colours may be divided to express the component strata of each 
group, by colouring the lower divisions light red, yellow, blue, &c., increasing the 
strength for the middle division, and giving to the third or uppermost a slight ad- 
mixture of the succeeding colour; or if further subdivision be attempted by colour, 
each of these shades may be varied ad libitum by the admixture in various propor- 
tions of the binary colour which is complementary to it. Thue the three shades of 
red may each be varied and divided into bands by varieties of green, yellow by 
varieties of its complementary purple, blue by orange, &c., as in the annexed 


diagram. 


Subdivisions. Varied by 
Yellow witha Shades of 
dash of red. Brown. 


Strong yellow. Of Olive. 


Pale yellow. Of Gray. 


There is # difficulty attending the introduction of the present scheme of colours, 


70 REPORT—1847. 


arising from the conventional use of red for the old unstratified rocks, pale red for 
Triassic, green for chalk, &c.; but it is evident that no two authors are exactly 
as to the use of these icular colours; and with respect to the mineralo- 
gical anomalies, they are equal in either case,—any one stratum in the whole series 
containing in some part or other the colours of any of the others. Coal, being an 
accident as to position, might still be indicated by black, and the surface accumula- 
tions by a general brown; the repetition of red is an evil; but as the only reason for 
adopting the standard will be, its general recognition in Nature's only scale, an arbi- 
trary alteration would leave this proposition in the same category with those it is 
wished to supersede; however, the spotted or striped character and isolated position 
will always distinguish them, and as trap rocks may be of any date, there ia no great 
inconsistency in its approximation to the modern rocks. 
One great advantage of this plan will be, the ready appreciation of unconformity 
by the obvious means of a break in the harmony of the spectrum, the complement- 
colours being well-known to be the best contrasts to one another. e coin- 
cidence or dissonance of the coloured bands, too, at distant points in the same ares 
or basin, will be of essential service in computing general or partial elevations or 
depressions on that area; the eye once accustomed to an order of colours, will use 
visGyor as an algebraic formula, or an instrument of discovery; the position of the 
various colours in possible or impossible combinations will either confirm the accuracy 
of the observer, or lead to the re-examination of newly-described tracts; and at all 
events, the present attempt to give geological colours a leading sense and definite 
meaning, will, with the modifications introduced by men of experience, lead to 
useful generalizations over large tracts,—a thing absolutely required in the present 
advanced state of the science. 


On the Geological Structure of Barbados, and on Ehrenberg's Polycystina, a 
new section 1 Py imaoules from Barbados. By Sir Roserr H. Scnom- 
BURGK, . 


The first aspect of Barbados leaves no doubt, even to the casual observer, that its 
origin is to be traced to the labours of the coral animals. It represents one of the 
moet remarkable instances of a coral island, which by a gradual elevation with suc- 
cessive periods of rest, has been raised to a height of nearly twelve hundred feet 
above i e sea, The island is about twenty-one miles in length and thirteen in 

th. 

Its structure appears under two distinct features, namely,— 

A. Coralline limestone, with beds of calcareous marls, containing recent shells. 

B. Strata of siliceous limestone, sandstones, intermixed with ferruginous matter, 
calcareous sandstones, different kinds of clay, earthy maris, frequently containing 
minute fragments of pumice, in a manner “ hitherto nowhere else observed by Pro- 
fessor Ehrenberg ;” further, selenite, strata of volcanic ashes, seams of bitumen, and 
aprings of eum. 

The author denominates this formation, which is peculiar to the district called 
“* Scotland” and “‘ below Cliff” in Barbados, the Scotland formation. 

The coralline rocks constitute the great bulk of the superficial area of Barbados, 
and occupy six-sevenths of the whole island. The characteristic feature of this 

rtion, chiefly when viewed from the west, are elevations rising progressively in 

orms of terraces to the central ridge of the island. These terraces are precipitous, 

frequently wall-like, and in some instances nearly two hundred feet high. They are 
traversed by deep fissures or ravines, which radiate from the axis of the central 
ridge in a very regular manner to the west, to the north and south, but not to the 
eastward, where the coralline formation abruptly ends. 

The author has no doubt that these terraces were formed during periods of rest 
of the elevatory movement by the denuding power of the sea. He has traced six 
terraces, denoting as many periods. Christ Church parish, or the Ridge, is of much 
more recent date than the central hills, and appears to have made its appearance 
above the water with the fourth epoch of the elevatory movement. The succeeding 
epoch raised ‘‘the Valley,” which previously formed a narrow strait between two 
islands. 


The upheavals in the commencement, rapid and acoompanied by considerable force 
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and with intervening long periods of rest, became slower and slower, and the dis- 
continuance of the elevation was of less duration. On the Jeeward coast, along the 
road which leads from Bridgetown to Speightstown, lines of rounded and angular 
piecea of limestone, pieces of coral, &c., heaped upon each other, prove decidedly 
that it was formerly a shingle beach. The author was told that Indian hatchets had 
been found among these fragments, which would fix the date of the last movement 
within the historical period. 

There are proofs that Barbados has been elevated gradually to its present height 
within the epoch of existing shells. Species of the genera Trochus, ina and 
Pectunculus, have been found near Sugar-bill, Chimbaroza and Mount Wilton, The 
casts of these shells are merely found at that elevation, while those met with at a 
height from fifty to three hundred feet, poasess in many instances still their lustre, 
and do not differ from those in the adjacent sea. 

The fossil shells are frequently larger than the recent; and othera, which at the 
period when they were imbedded must have been abundant around the island, 
are now very rare, ar are only found further northward, among the Virgin Islands, 
the Bahamas, and the south-eastern coast of North America. 

Some of the recent shells found in the fossi] state have retained their pearly lustre 
and colour in such a surprising degree, that one is tempted to disbelieve that they 
have been lying buried for ages. This refers chiefly to specimens of Strombue pugifis, 
Bulla striata, Cyprea cineraria, &c. The author found a fragment of a gigantic 
shell one inch and a half thick, which apparently belonged to the genus Tridacaa. 
It enclosed a Petricola. 

The coralline rocks harden frequently into a compact limestone with conchoidal 
fracture, and translucent on the edges. This mass has occasionally the appearance 
of stratification, chiefly near the road between the Chapel Estate and St. Philip's 
Church. A certain kind of the coralline limestone is quarried for the purposes of 
building, and although soft when taken from the quarry, it becomes quite hard by 
exposure to the air. Another kind, which is a conglomerate of minute pieces of 
shells, is quite porous, and is used for drip-stones. 

Quite different in appearance, and in regard to its structure, is the “Scotland” di- 
strict, which resembles an alpine country in miniature. The various niodifications 
of tertiary rocks which are found in this district have been already alluded to; never- 
theless, their character, under all modifications, poasesses ao original uniformity. 
The stratification of these rocks is more or less inclined, and changes in some instances 
iv closely allied rocks of sandstone, from the horizontal to almost the vertical. The 
stratification is at other times wavy, and at Chalky Mount and Mount All it is greatly 
contorted. 

The earthy marl, or as it is called in the colony, the chalk, constitutes by far the 
greater part of the series. It occurs in masses, from a few inches in thickness to 
several hundred feet, as on the southern and western sides of Mount Hillaby. The 
very summit of this mountain, which has a height of 1148 feet above the sea, con- 
sists of marl, 

On the south-eastern declivity of Mount Hillaby, near Groves, bitumen has been 
discovered, containing, according to the analysis of Mr, William Herapath,— 


Bitumen, resolvable by heat into tar and gas............. core 63°68 
Coke, eee ose cee emcee eens secceeee 36°9 
Ashes, ove ese cee eet ttececeececs oo §«=6.:1°3 
Sulphur, __... . verre rrr ert TTT Te none. 


been accidentally set on fire by a slave, and continued to burn for five years, Slage, 
which are found in large masses on the declivity, and near the beach at the foot of 
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the hill, show distinctly that they were subjected to a great heat, and confirm the 
pular tradition, The rocks near the summit, which have a blackened ap 
ave not been subjected to fire, and consist of bituminous fine-grained sandstone*, 
and an argillaceous rock of a dull yellow colour, dry and rough to the touch, resem- 
bling in its mineralogical character Tripoli. At Skeete’s Bay is a stratum of volcanic 
ashes, and pumiceous particles are disseminated through the marl. 

In the white marls aud other rocks of Scotland district, Profeseor Ehrenberg of 
Berlin discovered a new and great group of siliceous-sbielded animalcules, which iu 
a report read before the Royal Academy of Sciences he described as Polycystioa. 
The regular apertures and articulation of the minute shells which cover these ani- 
malcules distinctly bespeak an independent animal structure and development. 
They possess large apertures at the extremity of the body, which has no analogy 
among plants, but occurs very commonly among animals. These siliceous loricated 
organic forms from the rocks in Barbados differ alike from Polygastrica and Poly- 
thalamia, but develope an important relation to these two groups, which Professor 
Ehrenberg considers, not upon conjecture, but from actual investigation, to form two 
separate types. They approach most nearly in systematic arrangement to Polythala- 
mia, and would occupy a separate group among auimals possessed of vessels but 
without a heart and pulsation, and provided with a simple tubular intestinal canal. 
The forms developed in the highest degree in that division would be Holothuria 
and Echinoidea. 

The minute forms of organic life in the rocks of Barbados, as far as investigated 
by Professor Ehrenberg in February 1847, consist of the following groups :— 


Species. 
Polycystina ..... vsnccrocscaccceve teereccccsee DOL 
Poly gZastrica.......ceccccssecscccscscsccoevare 18 
Phytolitharia.........cccssccccesscccvcesccssse 2G 
Geolithbia...............006 enascesccsossesesoons 27 
Polythalamia.............. eeccvee Occoveveccccs 7 


Of these more than three hundred are new forms. 

The great discovery of the Polycystina, which might be almost called a new class, 
since they amount to upwards of 280 species, a larger number of specific forms than 
is contained in some classes of animals, may guide us to form an idea of the geolo- 

ical age of the rocks in Scotland district, by comparing these forms with similar 
Fat animalcules from rocks upon the age of which geologists have agreed. Ehren- 
berg considers that the Polycystina from the rocks of Barbados resemble more the 
animalcules from rocks of the secondary period than of the tertiary. The author’s 
investigations lead him to consider the rocks to belong rather to the tertiary period, 
and in this he is confirmed by some shells found on the summit of Bissex Hill and 
at Springfield, which Professor E. Forbes considers to belong to the miocene period. 
At Bissex Hill, the teeth of two species of shark (from the genus Lamna and Odor. 
taspis) and spines of Echini were likewise found. One of the shells from that hill 
is a new Scalaria, which Professor Forbes has described as S. Ehrenbergi, and the 
new species of Nucula from Springfield as N. Packeri and N. Schomburgkii. 

If we inquire now into the circumstance which produced the elevation of the 
Scotland series of rocks, and transformed the horizontal strata of sandstones into 
almost vertical and contorted stratifications, we cannot doubt that submarine move- 
ments raised the old sea-bottom, and volcanic agency acting violently from a given 
point, gave rise to the local derangements of this formation, The strata of sand- 
stone are more disturbed near Chalky Mount than anywhere else; the line of dis- 
turbance extends from that hill towards Forster Hill and Mount Hillaby. It is a 
very remarkable fact, that while the earthy marls and clays from the Scotland di- 
strict abound in Polycystina, not one species has been discovered in the red and blue 
clays from Sweetbottom, frun: Mount Wilton, and from the cliffs in St. Jobn’s 
parish, thus attesting the great contrast in the geological age between the coralline 


® The alage have apparently consisted of a similar sandstone, and the large quantity of 
bitumen probably assisted to feed the fire. 
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formation and the Scotland district. The earthy marl and gray clay of which the 
summit of Mount Hillaby consists, contains no less than fifty-five species of Poly- 
cystina, two species of Polygastrica, four species of Geolithia, and seven species of 
Phytolitharia. 

t would be of great interest to have rocks from other localities in the West India 
Archipelago examined microscopically, in order to discover whether they contain 
Polycystina, which might lead to conclusions of importance to the relative ages of 
this group of islands. In looking over a collection of rocks from Jamaica at the 
Geological Society, the author noted a strong similarity in their mineralogical cha- 
racter. This referred chiefly to some rocks presented to that Society by the Rev. 
Mr. Jelly from Clarendon, which seemed almost identical with some of those from 
Barbados. Among those from Jamaica were likewise bituminous coal and bitumi- 
nous wood. _ 

Extract of a Letter from Mr. E. Vivian of Torquay, respecting 
the Phanomena of Kent's Cavern. 


The important point which we have established is, that relics of human art are found 
beneath the unbroken floor of stalagmite. After taking every precaution, by sweeping 
the surface, and examining most minutely whether there were any traces of the floor 
having been previously disturbed, we broke through the solid stalagmite in three 
different parts of the cavern, and in each instance found flint knives, closely resem- 
bling the rudest of those found in the most ancient barrows. The nearest spot at 
which flint is found is Aller, about five miles distant. The thickness of the stalag- 
mite is about two feet. In the spot where the most highly-finished specimen was 
found the passage was so low, that it was extremely difficult, with quarry-men’s tools 
and good workmen, to break through the crust ; and the supposition that it had been 
previously disturbed is impossible in an age when no metal appears to have been in 
use. The spot was about 400 feet from the entrance. If the Secretary of the Geo- 
logical Society has sent you the plans which were exhibited before the Society when 
my paper was read, it will be seen marked upon the ground plan. 


ZOOLOGY. 


On the Animal of Lepton Squamosum. By Josuua ALDER. 


Tue mantle of this hitherto undescribed mollusk is very large, extending much 
beyond the shell, and is fringed with filaments, one of which is much longer than 
the rest. The mantle is open, except for a short space before and behind, and 
forms posteriorly a short syphon with a single aperture. The foot is very large, 
thick and tapering, and has a disc like the foot of Nucuda. It forms a fine byssus. 
The branchial leaflets are two on each side. 


Notes on British Mollusca, with descriptions of new Species. 
By J. ALDER and A. Hancock. 


The species described have been discovered since the last meeting. They are, 
1. Proctonotus? splendidus, remarkable for bearing a crest between the dorsal tenta- 
cles by which they are united together at the base. It is from Torbay and Fowey. 
2. Scyllea pelagica, taken at Falmouth by Mr. Cocks. 3. Tritonia lineata from 
Scarborough. 4. Kolis Peachti, dredged by Mr. Peach in Fowey Harbour. 
§. Eolis exigua, on Laminarie at Fowey and Falmouth, possibly the Tergipes 
lacinulatus of Loven. 6. Chalidis nigricans at Falmouth, with 7. Acteonia corru- 
gata; and 8. the type of a new genus, Icfis, allied to Acteonia, but differing in 
haviog dorsal tentacles and in the absence of the groove and angles at the sides of 
the head. The animal is limaciform. The head is scarcely angulated and bears two 
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linear tentacles on ita dorsal aspect, behind and a little exterior to which are the eyes. 
Auus a little behind the centre of the back. A single species, Ictie Cocksti, from 
Falmouth. The authors propose to unite the genera Elysia, Placobranchus, 4ctee- 
nia, Chalidis, Limapontia and Ictis in a new order, characterized by the absence of 
specialized breathing organs or other dorsal appendages, and for which they propose 
the name of Pellibranchsata. 


On the Structure of the Larva of certain Acari. 
By Professor ALLMAN, f.D., M.RIA. 


The author demonstrated in the six-legged larva of Halarachne Halicheri, Allm., 
a digestive canal which expands on either side into two great cecal pouches. Two 
long ceeca also may be seen opening into the rectum near its termination, and from 
this point may be traced forwards on each side till they enter the basal joints of the 
anterior pair of legs. A large nervous mass placed beneath the esophagus was also 
pointed out, and the fourth or posterior pair of legs, which are afterwards to become 
developed, may be seen in a rudimental condition, confined as yet beneath the inte- 
gument. No trace of trachese could be detected, though these are very evident in 
the adult ; and the author was of opinion that the respiratory function does not be. 
come specialised till after the development of the fourth pair of legs. 


On the Locomotive Larva of Plumatella Fruticosa. 
By Professor ALLMAN, M.D., MLRIA, 


This was shown to possess nearly the same structure as a solitary adult polyp of 
the same species, but instead of being clothed with the corneous polypary of the 
adult, it is faroished with a ciliated muscular polyp-cell, from which it can protrude 
the anterior portion of its body. When completely retracted, the mouth of the cell 
is closely shut, and then nothing but a densely ciliated surface is presented to the 
surrounding fluid. In this condition it presents the appearance of a minute sphere 
and is eminently natatory. 


On the Development of Notodelphys, Allm., a new Genus of Entomostraca. 
By Professor ALLMAN, V.D., M.RIA. 


It was shown that after passing from the mite-like form in which it leaves the egg, 
N. ascidicola, Allm., has the cephalic segment, succeeded by four distinct segments, 
each bearing a pair of true feet. These feet however are still in a rudimental state, 
and furnished with long bristles like the setigerous feet of an annelide. In its gene. 
ral form and motions indeed this stage strongly reminds one of the annelidan type 
of structure. It is probable, however, that between the earlier extra-ovine stage 
and that just described, there are certain intermediate phases which have not been 
yet observed. In a more advanced stage it was shown that a coalescence had taken 
place between the last foot-bearing segment and the region of the body which im- 
mediately succeeds it, and which is destined to support the great dorsal ovigerous 
chamber. The legs have now acquired nearly the form which they possess in the 
adult. The next stage observed by Professor Allman is that of the fully-developed 
animal. In this, the first of the segments bearing true feet has coalesced with the 
cephalic region, and there are consequently now only two distinct segments sup- 
porting natatory feet. While the consolidation has been going on in the anterior- 
posterior direction, a lateral coalescence has also been in operation ; for the great 
dorsal ovigerous chamber, which in the second of the observed phases consisted of 
two distinct portions separated from one another along the mesial line, has in the 
third and fourth assumed the condition of a solitary organ, dorsal and median. 


On the Genera Nebalia (Leach), Chirocephalus (Prevost), and Branchipus 
(Scheffer). By Dr. Barron. 


Upon an attentive examination of the species of the genus Nebaléa, described by 
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different authors, the writer is induced to reduce them to two :—lst, Nebalia bipes, 
Cancer bipes, Fabricius and Herbat; Monoculus rostratue, Montagu; Nebala 
Herbstii, Leach. nd, Nebalia Geoffroyi, M. Edwards ; Nebalia Strausi, Risso. With 
regard to the Chirocephalus of Prevost, it appears evident that the genus Branchipus, 
as originally described by Scheffer, and minutely figured by him in all its details, is 
quite distinct from the species found in England, and described by authors under 
that name. The differences are so great and well-marked, that it is necessary to 
refer them to the genus Chirocephalus of Prevost, so beautifally figured at the end of 
Jurine’s work on the Moxoculi of Geneva. 


Periodical Birds observed in the Years 1846 and 1847 near Llanrwst, Den- 
bighshire, North Wales. By Joun Bracxwatt, F.L.S. 


Birds. Appeared. Disappeared. 
18464. 1846. 
Sand Martin, Hirundo riparia ......... sscsesecccncees | ceccessceseees | SEDE. 10 


Black-cap, Syleia atricapilla Oeecvesecccerecorccaceccees eeceteacccce eee 
Land Rail, Gallimuda crex ....ccccccssecscccccecscsccess 
House Martin, Hirundo urbica .....ccccccscccceccceses 


38 


«8 


Swallow, Hirundo rustica ..........00008 ccecevenccesens weccuneee : 11 

. 1847. 
Redwing, Twrdus lacus... .-.cccseccccsssassceves ssesse | Oct. 4| March 323 
Woodcock, Scolopax rusticola ......c.csscresecssovees »» 5 - 30 
Mountain Finch, Fringilla montifringtlla.,..c.c.008 | ,, 26 


Fieldfare, Trdus pilarts.....ssscccscscevesescescececoees | 55 26 | April 17 


Pied Wagtail, Motacilla alba......ccescsreseereees | March 28 
Sand Martin, Hirundo riparia COCAHRNSHH SHES ACEREHRVERE April 4 


Common Sandpiper, Jotanus hypolencos ..........0 » 12 
Wheat-ear, Sazicola enanthe......... ssctececccaccosore | gg 18 
Yellow Wren, Sylvia trochilaa ........csessevescccsees | 55 19 
Tree Pipit, Anthus arboreus ......cscecccsccsceese coeee » 22 
Black-cap, Sylvia Atricapilla sss. cccoseccccrsccascqeoss ry 26 
Cuckoo, Crcwlts camerus ....cccsccseccvcsccscsvervonse » 36 
Swallow, Hirundo rustica ..... QRherescccesarecegeuegees 9 28 
Redstart, Syleia phonicurve Cee Oe cvcccvacasgresesoaces a 38 
Wood Wren, Sylvia sibilatriz  ...s.ccorcsscscees sseces | May 9 
Whinchat, Sazicola rubetra QVHSHOEE SCHERER HQEESHEOHAQES as 4 
Pied Flycatcher, Muscicapa luctuosa......sscsesseqees - 4 
Land Rail, Gallinula crez ......... ececccccccesccccesses » 4 
House Martin, Hirundo urbica ...seccsescccssserccccees a 5 
White-throat, Sylvia cinerea sacssccssecvccsnsscecegencs » 6 
Swift, Cypselus murarius ...cccccccsscccssccascecsecees - 7 
Pettychaps, Sylvia hortensis SPCCHoetOoUSGagesqeesenee gre as 12 
Sedge Warbler, Sylvia phragmstis.......cccccecereesss » 14 
Spotted Flycatcher, Muscicapa grisala ......sessess » 15 
Red-backed Shrike, Lanius collurto eeeeesevocenr ooeree ry) 15 
Goataucker, Caprimulgus europeud .,.ccccscrececceee a 19 


On the Families of British Lamellibranchiate Mollusca. 
By Professor E. Forses, F.R.S. 

The object of this communication is to explain a classification of the Lamellibran- 
chiate Conchifera, intended to be adopted by the author and Mr. Hanley in their 
forthcoming work on the British Mollusca. It is an attempt to group our native 
species in natural families, founded upon the more important aud at the same time 
conspicuous features in the organization of the animals. ‘The characters of the 


mantle, the sighons aad the foot, are taken as a basis, though recoguised as of 
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variable importance in the different tribes. The general habit, and often the sculp- 
ture of the shell, are usually in striking accordance with the most essential featares 
of the animal. Characters derived from the hinge and from the position of the liga- 
ment, hitherto mainly depended upon by conchologists, prove to be in the majonty 
of instances bad guides for determining the natural affinities of the mollusk, and 
seldom of more than generic value. 

The following are the families adopted by the authors :— 

Section A. Dimyaria. 

1. PHotapip#—including Teredo, Pholas and Gastrochena, as types of tribes, 
the last associated with Sazicava and Venerupis, and probably Neera, Poromya and 
Sphenia. Animal with a mantle closed in front, leaving a small anteal aperture for 
the passage of the truncate or digitiform foot. Siphons united nearly to their extre- 
mities, their apertures cirrated. 

2. Myap#—including Mya, Panopea, Lufraria, and perhaps Corbula. Mantle 
closed except anteally, where it is open for the passage of a thick and digitiform, 
but not large foot. Siphons long, united to their extremities (which are slightly 
fimbriated), inclosed in an epidermic sheath. 

3. SoLENID&, of which Solen is the only British genus. Mantle closed except an- 
teally, where it is open for the passage of a very large, thick, obliquely truncate 
foot. Margins of mantle where free partly fimbriated. Siphons short, united un- 
equal with cirrated margins. ° 

4. Sotecurtipz—Solecurtus. Mantle open anteriorly for the large, thick, api- 
culated foot. Siphons with an enlarged, united base, divided at their extremities, 
and having fimbriated apertures. 

5. Panporip#. Mantle open for a falcate foot. Siphons unequal, partly 
united and divergent, with fimbriated apertures. Pandora, Lyonsia. 

6. TELLINIDZ. Mantle open and fimbriated at the margin. Foot digitiform 
or triangular. Siphons long, separated, often nearly equal, and having plain aper- 
tures. Thracia?, Scrobicularia, Abra and Montacuta? form one section of this group ; 
Tellina and Psammobia, a second and more typical division. 

7. Donactp#. Mantle open, fimbriatdf at the margin. Foot broadly triangu- 
lar. Siphons unequal, separate, and fimbriated at the edge. Donaz and Mesodesma, 
and probably also Diodonta. 

8. VenERIp#. Mantle open, fimbriated at the margin. Siphons united nearly 
to their strongly fimbriated extremities. Foot triangular. Mactra links this group 
with the last; Venus and its sub-genera are typical. 

9. CyprinaD&. Mantle open, fimbriated. Siphons very short, united, or nearly 
80; one with aperture fimbriated, the other plain. Cyprina, Astarte, Circe. 

10. Canp1ap&. Mantle open, fimbriated. Foot hamate and digitiform. Siphons 
very short, united nearly to their ends. Apertures, one plain and one fimbriated. 

jum. 

11. CHamap&. Mantle closed, except a small aperture for the foot and two fim- 
briated siphonal openings. Foot hamate. Isocardia. 

12, Luctnap&. Mantle united in great part, leaving an opening anteally for the 
foot, which is slender and digitiform. Siphons very unequal, one being often nearly 
obsolete; both apertures plain. Lucina Cyclas in an allied group. 

13. Kexnu1ap#. Mantle closed, except a small aperture for the foot and two 
nearly sessile, plain siphonal openings. Kellia, Galeomma? Lepton? 

14. Untonrpa. Mantle open. Siphons very short, fimbriated, sometimes one 
obsolete. Foot very large. Unio, Anodon. 

15. Dreissenap&. Mantle in great partclosed. Siphons very short, fimbriated. 
Foot digitiform. Dreissena. 

16. Myritipz. Mantle open, and not closed, or only partly closed, to form 
siphons. Foot very small. Mytilus; and in an allied group, Pinna and Avicula. 

17. AncapD#&. Mantle open. Siphons very short or considerably developed, and 
then united. Foot disciform. Arca, Pectunculus, Leda, Nucula. 

Section B. Monomyaria. 

18. Pecren1p2. Mantle completely open, fimbriated and eyed. Foot well-de- 
veloped. Pecten, Lima. 

19. Ostrgapa. Mantle freely open. Foot obsolete. Ostrea, gomia. 
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Notice of Dredging Researches in progress. By Prof. E. Forzss, F.2.S. 


A number of specimens of remarkable British animals were laid on the table, pre- 
served in very perfect condition by Mr. Goadby, who is at present accompanying Mr. 
M‘Andrew on a dredging voyage in the seas of the Zetlands and Hebrides. Mr. 
M ‘Andrew has forwarded to the meeting specimens of a living Terebratula dredged off 
Skye, identical with the crag fossil T. cistellula of Mr. Searles Wood. <A new Holo- 
thuria, discovered by Mr. Gwynn Jeffreys, was also laid on the table. 


On the Anatomy of Scyllea. 
By Avsany Hancock and D. Emsuieton, M.D. 


The internal structure of this animal was found pretty accurately to agree with 
the details given by Cuvier, though some important matters relative to the digestive 
apparatus seem to have been overlooked. The presence of a gland at the commence- 
ment of the cesophagus, its small stomach receiving large ducts from the biliary 
masses, its large and long intestine approximate it to the Doridide; but the 
stomach with an internal dental apparatus would appear to be peculiar. Its branched 
system of tubes in the skin and branchial tufts show its relation to the Eolidide ; but 
the redivision of some of these tubes on the periphery of the globular biliary organs, 
with the convolutions of which they communicate, on the one hand, and the passage 
of others on the other hand into the intestinal canal, are peculiarities of structure not 
found in either of the families mentioned. 


On the Structure of Nautilus Pompilius. 
By Prof. Van der Héven of Leyden. 


The author, after noticing the successful labours of Prof. Owen in this department 
of anatomical science, observes, the chief modifications which result from the 
anatomical investigation of the Nautilus in the general anatomical characters of the 
Cephalopoda are, that not all mollusca of that group have eight arms round the 
mouth, nor two venous hearts beside the middle aortical heart, nor only two gills, 
nor an ink-sac. Those characters are common to Sepia, Loligo and Octopus. In the 
Nautilus, on the contrary, there are no lateral venous hearts; there are four instead 
of two branchie. The place of the eight arms is occupied by flat digitations of a far 
greater number, including vermiform and annulated tentacula, which can be exserted 
and retracted. My celebrated friend Owen has founded on those characters a di- 
stinction of the Cephalopoda into two orders, viz. the dibranchiata and tetrabranchiata. 
To the second division belongs, under the now living mollusca, no other genus 
hitherto known, except Nauéilus. Another inhabitant of a concamerated or poly- 
thalamic shell, the Spirula, is not sufficiently known to us; but still what we know 
concerning it, is quite sufficient to show that the animal has no analogy with the 
Nautilus, and belongs to the dtébranchiata division. 

My friend De Vriese, Professor of Botany at the University of Leyden, lately gave 
me a specimen of Nautilus pompilius, which was in a bad state of preservation, but 
still of great interest to me, as I found occasion to observe a conformation of the 
head quite distinct from that which has been described by Owen and Valenciennes. 
As to the external fextacula, I found only this very unimportant modification, that 
there were but nineteen at each side instead of twenty. Internal to this part, whose 
upper or dorsal part, called hood by Owen, fills entirely the opening of the shell, 
the integument forms a prolongation, rising up to another more internal circle. To 
the ventral or inferior side this prolongation unites by a transverse part with the 
external tentacular ring. This part shows many transverse impressions parallel to 
the margin and many irregular excavations, which gives to it‘a reticulated appear- 
ance. The prolongation is divided on each side in eight digitations of different size, 
inclosing each a tentacle similar to that of the external set, but of a more minute 
size. 

Those parts correspond to the superior labial processes of Owen, ‘ Memoir on the 
Pearly Nautilus,’ tab. iv. g. g9.; but in Owen’s description, and also in that specimen 
which has been described by Valenciennes, there are many more featacula, twelve 
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in Owen’s specimen, and even thirteen in that of Valenciennes. The last-named 
author calls this part the superior pair of the internal arms. Toward the inferior 
part of the head, nearer to the infundibulum, which is situated at the median ventral 
line, there are two other processes in Owen’s and Valenciennes’ specimens, the is- 
Serior labial processes of the former, the inferior pair of the internal arms of the lat- 
ter. Owen attributes also twelve tentacula to each of these processes. In this point 
my specimen is entirely different. On the right side I found four tentacula; three 
on a common flat pedunculus, the fourth and inferior on a separate digitation. I 
can also not agree with Owen in calling these inferior labial processes, interior as 
they were in his specimen. In the specimen examined by me, they were on the con- 
trary more interior than the superior labial processes. But at the left side a still 
greater difference was to be observed. Instead of a labial process, there was a great 
conoid body compressed from each side; at the basis its measure from the dorsal 
to the ventral surface was one inch ten lines, from the right to the left only one inch. 
This part was proved to me by dissecting it to be formed by the union of four un- 
usually developed tentacular slips, one of which was shorter and more free, the three 
others chiefly composing the singular body. This part occupied a great space in the 
interior of the tentacular circle of the head, and perhaps its great development may 
be the cause of the more imperfect state of the other three pair of labial processes. 


On the Lepidosiren. By A. G. Mervitie, MD. 


On a careful examination of the Lepidosiren the author had no hesitation in refer- 
ring it to the class of amphibia, and was unwilling to unite that class to the closely 
allied one of fishes. He rested its reptilian character upon the absence of the supra- 
occipital bone, the presence of the large epi- and basi-cranial bones, the non-deve- 
lopment of the maxillary and inter-maxillary bones, and especially on the enormous 

itude of the vomerine bones, which became subservient to mastication, and 
were anchylosed to the expanded pterygoids; also on the composition of the tym- 
panic pedicle ; on the nostril being double, and the posterior aperture intra-oval ; 
(referring to Rusconi’s remark on the position of that aperture as influenced by the 
relative development of the superior maxillary and vomer) ; on the double auricle, 
septum ventriculorum and semi-spiral bulbus arteriosus ; on the arrangement of the 
vessels distributed to the external gills and to the lungs; on the addition to the left 
pulmonary artery pointed out by Peters, of a right one, having like its fellow its origin 
from the truncus aorte; on the existence of external cutaneous gills during the adult 
condition, which did not occur in any fishes, and were not the homologues of the 
deciduous filaments found in sharks and rays ; on the co-existence of external and 
internal gills with lungs ; in other words, on its exhibiting the different modes of cir- 
culative respiration seen in the proteus, second stage of the larva of the frog, and 
amphiuma, or menopoma. He instances the like case of the tadpole of the Rens 
paradoza, in which'there were internal gills and lungs with a cartilaginous chorda 
dorsalis, ossified neurapophyses, and protruded hinder extremities: were this arm 
too in its development before the external gills have wholly disappeared, we should 
have an animal essentially similar to the Lepidosiren. The form and relative size of 
the brain in relation to its containing cavity, and certain calcareous concretions which 
overlie the fourth ventricle, supply additional arguments, &c. Many of the peculia- 
rities were to be classed among the adaptive characters; and for some excellent re- 
marks on this subject in reference to the osseous system in another tribe, to wit the 
Plagiostome fish, he would refer to Mr. Owen’s Lectures, vol. ii.; the absence of 
respiration by the surface as in other amphibia might have an influence on the great 
development of the respiratory organs. In conclusion, although the Lepidosiren 
is the most fish-like of the amphibia, still he is forced to regard it as a true ampbi- 
bian, and not as a fish, and thus revert to the determination of Bischoff. 


Notice of Additions to the Cornish Fauna. By C.W. Peacn. 


The whole of the species of szoophytes found in the British islands are 224, of which 
150 have been found in Cornwall. He now added Corymorpha nutans. In shells he had 
found Lepton squamoeum, Pleurotoma teres ; in other departments Planaria vittate and 
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Oniseus coeruleatus. He also exhibited specimens of Botrylii, preserved in Canada 
baisam, with all the colours perfect; also the sidus of the Gunnellus attached to the 
under side of stones found in Fowey Harbour. 


On Changes in the Fauna of Sweden. By Professor Niisson. 
(Abstracted from the Swedish. By N. SHaw, M.D.) 


As a proof of the oscillations or periodical changes observed in the fauna of Sweden, 
Professor Nilsson mentioned, that the Canis Lupus, at the time when Olaus Magnus 
published his ‘ Historia Gentium Septentrionalium' in 1535, or about 300 years ago, 
was very common in Sweden, and during the severe cold of the Swedish winter ex- 
ceedingly dangerous to travellers; but that 180 years later (1735, or 24 years prior 
to the appearance of Linnzus’s ‘ Fauna Suecica’) the same animal had become very 
rare. In our days this animal has again reappeared in large numbers, although by 
no means 6o numerous or so dangerous as in the times of Olaus Magnus. Another 
animal, the Vespertilio noctula, the largest of the Swedish bats, was formerly not 
found in Sweden, and was unknown to Linnzus. Retzius of Stockholm (who likewise 
has published a ‘ Fauna Suecica’) never saw this species; and Nilsson, during the 
first ten years he collected the materials for his Swedish fauna, never met the animal 
either alive or in any of the Swedish museums. But a very few years after the pub- 
lication of Nilsson’s ‘ Fauna Suecica,’ or about the year 1825, the Vespertilio noctula 
made its appearance in the south of Sweden, and has become numerous in the walls 
of the ancient cathedral of Lund. This has formerly been the case; and during 
some late repairs to the cathedral, a number of very ancient bones and skeletons 
of bate, the greater part of which belonged to the Vespertilio noctula, were discovered 
in a hole in the old walls. It is very clear that these bones must have remained in 
the walls about 700 years, and at a time when the animal was very frequent in 
Sweden. Since that date it vanished from the country, and has again in our time 
reappeared. 

Among birds, the same periodical change takes place. The Motacilla alba was 
thirty years ago very numerous in Sweden, has since vanished, and again reap- 
peared. The Pyrrhula vulgaris has, as far back as Nilsson remembers, been very 
common in’ Scania every winter; but during the last three winters not a single ex- 
ample of this little friendly guest has been seen near Lund. 


Heads of a Paper on the Distribution of Population in the Cimbric Chersonese. 
By N. Suaw, M.D. 


Progress of different people from the East towards the West.—1. Races {from Tran, 
or the Highlands of Persia, Media, &c.—after Retzius, of Dolicocephalic, or lengthened 
oval form of cranium.—2. Races from Turan, or the more northern and eastern 

arts of Asia, with Brachycephulic, or shortened oval form of cranium. Aboriginal 
inhabitants of Europe. Pelasgi, and ancestors of the present Lapps and Iberians, or 
Basques—same Brachycephalic form of skull and resemblance in language, according 
to Nilsson and Rask. ifferent Celtic families in different countries of Europe. 
Traces of them in Scandinavia (Nilsson and Molbech). First inhabitants of Scandi- 
navia from the South at a time when Sweden, Norway, Denmark, and Germany 
were continuous. Last race (the Norrena, after Rudol Keyser) arrived in Scandi- 
navia at a comparatively late period, from the North and East, and, proceeding South, 
met and came in collision with their ancient Germanic connexions, who from the South 
had penetrated into Scandinavia, or at least as far as Jutland,—Saxons, Angles, 
Frisians, Danes, Jutes, &c. Differences of Languages in Slerwig. Unity of the 
Scandinavian nations; unity of the Germanic, and views of the two parties as to the 
Sleswig-Holstein question. 


On the evening of Monday a lecture was delivered at the Radcliffe Library by 
H. E. Strickland, Esq., on the history of the Dodo and other allied species of birds. 
He showed from historical data that each of the three islands of the Indo-African 
ocean, Mauritius, Rodriguez and Bourbon, was originally inhabited by peculiar 
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species of brevipennate birds, all of which were speedily destroyed by the early 
colonists. Mauritius was the birth-place of the Dodo, the first notice of which was 
not, as erroneously stated, by Vasco de Gama (who never visited Mauritius), but by 
Van Neck, a Dutchman, in 1598. Several successive voyagers mentioned the bird, 
down to Cauche in 1638, and in the latter year a live specimen was brought to Lon- 
don, and was described by Sir Hamon Lestrange. The pictortal evidence i 

the Dodo consists of four oil-paintings ;—one in the British Museum without the 
artist’s name, one at the Hague, another at Berlin by Roland Savery, and one 
at Oxford by John Savery his nephew. All these are evidently from one design, 
and may have been drawn from a specimen which Van Neck brought to Holland. 
The osteological evidences of the Dodo consist of the foot in the British Museum, the 
head and foot at Oxford, and a head lately discovered at Copenhagen. The three 
former specimens were exhibited, and a cast of the latter had also been sent for the 
meeting, but was detained by the vexatious formalities of the London Custom- 

ouse. 

The Oxford head and foot have been recently dissected, and from the characters 
thus exposed it is certain that the Dodo was not related either to the gallinaceous 
birds, the ostriches, or the vultures, as others have conjectured, but is closely allied 
to the pigeons. With the exception of its short wings, it approaches greatly to the 
Trerons or fruit-pigeons, and still more to the Didunculus, a kind of pigeon from the 
Samoan Islands, of which the only specimen in Europe was exhibited at the meet- 
ing. The author supposed that the Dodo fed upon the cocoa-nuts, mangos, and 
other fruits which in tropical forests fall from the trees at all seasons of the year. 
The lecturer then drew attention to the island of Rodriguez, visited in 1691 by 

at, who has given a description and figure of a brevipennate bird which he 
calls the Solitaire. Several bones of this bird from the museums of Paris and of 
Glasgow were on the table, and a comparison of them with those of the Dodo clearly 
proved that the Solitaire was an allied but distinct species, longer legged than the 
Dodo, and related like it to the pigeons. It was next shown from the narratives of 
several voyagers that the island of Bourbon was also formerly inhabited by two 
species of short-winged birds, of the same abnormal group as the Dodo and the So- 
litaire. Unfortunately we have as yet no osseous remains of these birds from Bour- 
bon, but they might doubtless be procured from the caves and alluvial deposits of 
that island; and by similar researches in Mauritius and Rodriguez the entire skele- 
tons of this remarkable family of extinct birds might be reconstructed. In conclu- 
gion the lecturer expressed his obligations to the directors of the public museums of 
Paris, Copenhagen, London, Glasgow and Oxford, who had contributed bones of the 
Dodo and the Solitaire for exhibition to the meeting. 

In the sectional meeting Mr. H. E. Strickland pointed out the various characters, 
external and internal, which prove the Dodo to be an aberrant genus of the family 
Columbide, and to have no connexion whatever with the Vultures. His arguments 
were chiefly drawn from the form of the beak, the position of the nostrils, the form 
of the palatine bones, of the nasal fissures and of the zygomatic bones, the muscu- 
lar gizzard, the shape of the feet, the structure of the calcaneal processes, and of the 
posterior metatarsal, all which closely agree with the Pigeons, and especially with 
the genus 7reron. 


On Additions to the Fauna of Ireland. By Witi1AM THompson. 


The additional species brought forward were about fifty in number, chiefly inver- 
tebrate animals. e birds were Crer Bailloni, Sterna lexcopareia and Sterna cvelosz, 
Ruppell. The fish specially noticed was the Argentine, Scopelus borealis. A new 
generic form of Crustacea was noticed; and the genera Opis, Anonyz, Lestrigonus, 
figina?, Tanais, Trebius and Lerneopoda, ‘hitherto unrecorded, as found in the 
British seas, were stated to have been obtained by the author on the coast of 
Ireland *. 

* The communication was subsequently published in detail in the 20th volume of the 
Annals of Natural History, p. 237. 
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On certain Blind Species of Insects. By J. O. Westwoon, F.L.S. 


After alluding to the physiological interest possessed by those species of animals 
which are deficient of the organs of one or more of the senses which are enjoyed by 
the majority of the species throughout the classes of which they are members, and 
to the necessity for investigating the habits of such species, so as to discover the 
peculiarities which are concurrent with such deficiency of any organ of sense, Mr. 
Westwood mentioned the rare occurrence of the want of organs of sight in the annu- 
lose animals, alluding to the recent discovery of a blind Macrourous Crustacean (Calo- 
caris Macandree, Bell, Brit. Crust. p. 233), and to two other blind species commu- 
nicated by W. Thompson to the British Association on the preceding day; also to 
the singular discovery of various blind species of hexapod insects in the mammoth 
caves of Kentucky, and in the caves of Styria, where the Proteus anguinus occurs ; 
to the Anommatus terricola of Wesmael, the Anophthalmus Langelandii of Aube, and 
to two species of ants, also blind, one of which he has described under the name of 
Typhlopone fulva, and had pleced it in the family Formicide, a situation which had 
been since disputed by Mr. Shuckard, but which Mr. Westwood had clearly deter- 
mined by the examination of other allied genera of ants, as well as of the other blind 
ant which he exhibited to the meeting, and which from its singular habits (as de- 
scribed by Mr. Savage in the Transactions of the Entomological Society, vol. v. 

art 1, p. 1) is known in western tropical Africa under the name of the Driver. 

rom the circumstance that this species is very sensitive to the rays of the sun, Mr. 
Westwood suggested the possibility of the existence of the rudiment of the optic 
nerve beneath the corneous integument of the sides of the head. 


BOTANY. 


On a peculiarity in the Structure of the Stomata of Ceratopteris thalictroides. 
By Prof. AttMan, M.D., MR.LA. 


THREE distinct cells enter into the formation of the stomata of this plant. Two of 
these are Jike the ordinary stoma-cells, being, during the open condition of the stoma, 
crescentic with the concave surfaces opposed, while the third is an elongated cell 
which runs round the other two, completely surrounding them, except in a very 
small space, which remains exposed at one extremity of the long axis of the stoma. 
This open part of the peristomatic cell is invariably turned in a direction opposite 
to that of the base of the frond. 


On an apparently undescribed Genus of Freshwater Alge. 
By Prof. ALLMAN, M.D., MBIA. 


The subject of this communication is to be found in the form of minute gelatinous 
patches on the submersed stems of certain water-plants. When examined under the 
microscope, these patches may be seen to consist of radiating, dichotomously- 
branched, prostrate filaments adhering in their entire length to the surface on which 
they are developed and composed each of a single series of cells flattened on the ad- 
herent surface, and convex on the free, where they are also much contracted at the 
articulations. The branches are approximated, and the centre of the upper or free 
surface of almost every cell gives origin to a short vertical filament which is formed 
of a single series of cells not contracted at the articulations. The whole plant is 
enveloped like Chetophora in a mucous investment. Its affinities to this genus are 
indeed sufficiently obvious, while its relations to Coleocheie are also well-marked. 
It would seem to constitute a highly interesting transitional form thiough which 
Chetophora passes into Coleochete. It was obtained by Dr. Allman in July 1846, 
in a pond called the ‘‘ Blacklough,” near Roscrea, co. Tipperary, 


On the employment of Gutta Percha for Modelling. 
By Georce Busk, F.L.S. 
The author notices the circumstances which appear to him favourable to the em- 


ployment of this substance—in taking moulds of anatomical subjects, the human 
1847, G 
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form, &c., and adds the following description of the process he has followed in the 
few experiments which he has yet tried :— 

** It is to be rolled out on a smooth surface in sheets of any convenient size suit- 
able to the object to be taken, and varying in thickness according to the size. For 
small objects, such as those exhibited, from the ~,th to ~,th of an inch is thick 
enough. The sheet is dipped for a moment or two into boiling water, and placed 
warm upon the object, upon the surface of which it is to be carefully pressed with 
the finger point or a convenient elastic pad, so as to ensure its close and uniform 
adaptation. In moulding soft objects, it is of course necessary that they should 
possess elasticity or resiliency, as is the case with living or recently dead animal 

odies. The gutta percha does not seem to be applicable to take moulds from very 
fragile bodies, such as many fossils, which would not bear the requisite pressure nor 
admit of the removal of the mould when rigid without risk. The most delicate ob- 
jects however and slender projections, if firm enough in the original, may in the 
plaster cast be removed without any difficulty when the latter is softened by mo- 
mentary immersion in hot water.” 


On Friday, at 3 o'clock, after the sectional meetings were concluded, Dr. Daubeny 
gave a lecture at the Botanic Garden in explanation of the researches he had been 
carrying on there at various times on subjects connected with Vegetable Physiology 
and Agricultural Chemistry, and of the Apparatus by means of which they were 
conducted. 

He first detailed the experiments, instituted by him prior to the year 1836, on the 
action of the different rays of the spectrum upon growing plants, determined by 
transmitting light through coloured glasses, the effect of which glasses upon the 
sunbeam had been first determined. 

It appeared from the results obtained, that the value of the ray in stimulating the 
functions of plants was in proportion to its illuminating rather than to its heating or 
its chemical influence, a conclusion at that time opposed to the experiments of Sen- 
nebier, but since fully confirmed by other observers. The functions so influenced 
were,— 

1. The decomposition of carbonic acid and the consequent evolution of oxygen, 
' always however accompanied in his experiments with more or less nitrogen. 

2. The production of the green colour of the leaves. 

3. The expanding or unfolding of the leaves, and the existence of that excitability 
which belongs to the sensitive plant. 

4. The evolution of water from the leaves. 

5. The absorption of the same by the roots. 

The second train of experiments carried on within the garden related to the pro- 
portion between the amount of oxygen expired by the leaves of plants during sun- 
shine, and that of the carbonic acid emitted from all parts of a plant at other times. 
Priestley and Saussure had concluded that the balance was in favour of the former 
process ; Ellis, on the contrary, had inferred from his experiments, that the latter 
might after all exceed the former in its influence upon the atmosphere. 

By means of an apparatus of simple construction, in which the plant was con- 
fined within a bell-jar of pretty ample dimensions, and in which portions of the air 
contained in it might at any time be withdrawn for examination, Dr. Daubeny suc- 
ceeded in satisfying himself that the air of the jar contained a greater and greater 
per-centage of oxygen the longer the plant was confined within it, provided it re- 
mained healthy. There was, it is true, an oscillation in the proportion present in 
the jar according as the gas was examined by day or by night, bat the absorption of 
oxygen and the disengagement of carbonic acid during the latter period were always 
less than the evolution of oxygen and the disappearance of carbonic acid during the 
former. 

Dr. Daubeny then explained the nature of the agricultural experiments which he 
had been since carrying on in a part of the Botanic Garden, for the purpose of as- 
certaining what would happen if a piece of ground was planted for a number of suc- 
cessive years with the same crop, and what difference there would be in the amount 
of produce where a crop was made to shift from one to another of the beds during a 
given period, and where it continued in the same throughout, manure being in neither 
instances applied. The results of this inquiry, which were stated in tables suspended 
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in the room, did not upon the whole tend to confirm the theory of the excretory 
function of the roots which had been espoused by Prof. P. Decandolle and Mons. 
Macaire of Geneva, but showed that the deficiency in the soil of organic matter, 
fitted for supplying plants with carbonic acid and ammonia, caused by continued 
cropping, contributed to that falling off in the amount of produce which was esta- 
blished in both instances, but especially where the crop was permanent ; and that so 
far as the same was dependent upon a diminution in the phosphatic and alkaline 
ingredients originally present in the soil, the deficiency consisted solely in that por- 
tion of their amount which had been in a state to be taken up readily by the vessels 
of the plant, or in what he would call an available condition, the quality of the same 
locked up within the soil, or in a state of aggregation such as enabled them to resist 
the ordinary agents of decomposition, being to the last amply sufficient for many suc- 
cessive crops of the most exhausting kind. 

After these explanations the party proceeded to the Experimental Garden, where 
the Professor pointed out the apparatus and the plots which he had employed, and 
likewise showed in a contiguous building the depét of seeds kept for the British As- 
sociation, intended to serve towards the elucidation of the relative degree of vitality 
which different species or genera may possess, deduced from determining the utmost 
limit of time to which they severally retain their power of germination. 


On the Anatomy of Monocotyledonous Stems. By ARTHUR HENFREY. 


Hitherto he had not been enabled to follow out the structure in exotic forms, and 
the present paper was almost wholly confined to the description of the principal 
modifications found in natives of this country. 

The result of his inquiries is the confirmation of Schleiden’s opinion, that the 
character founded on the nature of the fibro-vascular bundles is the only universal 
mark of distinction between the stems of dicotyledons and monocotyledons. 
The distinction between the two classes of forms having developed or non-developed 
internodes, as established also by Schleiden, was substantiated. Among the second 
class are two modifications; the first where, as in the tulip, crocus, &c., the leaves 
pass off from the base of the stem ; the second where, as in the lily, &c., the upper 
portions of the fibro-vascular bundles going to the leaves remain united together more 
or less, forming an ascending stem giving off the leaves at intervals. The asparagus 
differs only by giving off branches. In these cases the ascending stem is to be 
looked upon rather as a flowering branch. The stems at the bases of the bulbs are 
alike in both of these modifications. Of those forms having the internodes developed 
we have the grasses, with which Tradescantia is almost identical, differing chiefly in 
being solid. The points where the leaves pass off are true nodes, and these nodes 
are to be compared to bulbs. In Sparganium ramosum, the branching rhizome affords 
an intermediate form, in which the nodes become completely like bulbs. This view is 
supported by the production of roots at the nodes and the capability of being grafted, 
which grasses have lately been shown to possess. 

The indigenous bulbs and rhizomes were shown to possess the three regions de- 
described by Moh! in the Palm, namely, the cortical, the central, and the interme- 
diate fibro-vascular layer, in which the bundles of the stem lose themselves, and from 
which those of the roots arise. Drawings were exhibited of the development of the 
buds in Sparganium ramosum, which fully confirmed the now generally-received view 
of the course of the vascular bundles, that they all lie above and outside those pre- 
ceding them. 

The structure of Tamus and Smilax was alluded to; and the author atated that 
these have closed bundles like other monocotyledons, and that the woody ring was 
due to a peculiar development of the cellular tissues of the central region, which also 
occars in a slight degree in the lily, crown imperials, &c. Fibrous bundles exactly 
resembling liber were described as existing in the cortical layer of Sparganium. 


On the Diatomaceous Vegetation of the Antarctic Ocean. 
By J. D. Hooxsr, A.D.RN., FLRS. 


The author gave a summary of a paper which had been prepared for reading before 
Section D. of the Association. 
G2 
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The waters, and especially the newly-formed ice of the whole Antarctic Ocean, 
between the parallels of 60° and 80° south, were found by the author to abound in 
an order of organisms, whose true nature had until very recently been disputed ; but 
which the recent discoveries of Mr. Thwaites in England had proved to belong to 
the vegetable kingdom. This order occurred in such countless myriads as to stain 
the sea everywhere of a pale ochreous brown, in some cases causing the surface of 
the ocean, from tbe locality of the ships, as far as eye could reach, to assume a 
pale brown colour. Though peculiarly abundant in the Icy Sea, these plants are 
probably uniformly dispersed over the whole ocean, but being invisible from their 
minuteness, can only be recognized when washed together in masses, and contrasted 
with some opake substance. They were invariably found in the stomachs of Salpe 
and other sea animals, in all latitudes between that of the north tropic and the 
highest parallel attained by the Antarctic Expedition. Many processes were em- 
ploved for obtaining the species, which on being brought to Europe were placed in 
the hands of Prof. Ehrenberg of Berlin for examination and publication. A cona- 
sideration of the results of Prof. Ehrenberg’s examination, and of his own observa- 
tions on these plants, has led Dr. Hooker to the following very curious results :— 

1. That a vegetation, very different from Lichens, Mosses, &c. (orders which had 
hitherto been supposed to comprise the most antarctic vegetables) abounds on the 
waters of the antarctic circle, the species apparently increasing in number with the 
latitude up to the highest pvint attained by man. 

2. That on this vegetation the whole of the animal kingdom, which swarms in the 
waters of the Antarctic Ocean, perhaps ultimately depends for its existence. It main- 
tains that balance between the animal and vegetable kingdom which prevails through 
all other latitudes; probably also purifying the vitiated atmosphere, as plants of a 
higher,order do in more temperate regions. 

3. The genera and species of Diatomacee collected within the antarctic circle are 
not all peculiar to those latitudes; on the contrary, some of the latter occur in every 
country between Spitzbergen and Victoria Land. Others, or even some of these, 
have been recognized by Prof. Ehrenberg as occurring fossil in both Americas, the 
south of Europe and north of Africa, in Tripoli stone and in volcanic ashes ejected 
by living and extinct volcanos; whilst others again have been found floating in the 
atmosphere that overhangs the Tropical Atlantic; for Mr. Darwin, during the voyage 
of the Beagle, collected an impalpable dust, which fell on Captain Fitzroy’s ship 
when to the west of the Cape de Verd Islands, and which on examination was 
proved to consist of the remains of Diatomacee, including species common in the 
antarctic regions. 

4. The death and decomposition of this antarctic vegetation are gradually producing 
a submarine deposit or bank of vast dimensions. This bank consists mainly of the 
shields (the siliceous coatings of the cells) of Diafomacee intermixed with Infusoria 
and inorganic matter. Its position is from the 76th to the 78th degree of south lati- 
tude, and between the meridians of 165 east and 160 west longitude, thus occupying 
an area of 400 miles long by 120 wide. All the soundings taken over this deposit 
were in the finest green mud occasionally mixed with sand, at a depth of between 
200 and 400 fathoms. The lead sometimes sank two feet into this pasty deposit, 
and on examination of what it brought up, showed the bottom to consist in a great 
measure of the remains of the species now living on the surface. 

5. This deposit may be regarded as resting on the shores of Victoria Land and Bar- 
rier, and hence on the submarine flanks of Mount Erebus, an active volcano upwards 
of 12,000 feet high. Knowing as we do that Infusoria, Diatomacee, and other organic 
constituents, enter into the formation of the pumice and ashes of other volcanos, and 
are still recognizable in those minerals, it is perhaps not unreasonable to conjecture, 
that the subterranean and subaqueous forces, which keep Mount Erebus in activity, 
may open a direct communication between this Diatomaceous deposit and its volcanic 
fires. 

6. The Diatomaceous deposit fianks the whole length of Victoria Barrier, a glacier of 
ice 400 miles long, whose seaward edge floats in the ocean, whilst its landward is 
extended in one continuous sweep from the crater of Mount Erebus, and other moun- 
tains of Victoria Land, to the sea. The progressive motion of such a glacier, and 

ecumulation of snow on its surface, must result in its interference with the deposit 
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in question, which, if ever raised above the surface of the ocean, would present a 
stratified bed of rock which had been subjected to the most violent disturbance. 


“Some Experiments on the Roots of the Canna Indica, with reference to their 
value in an economical point of views By Witiiam TirFin Ixiry, 
M.D., F.L.S. §e. 


Dr. Garnier has been in the habit of growing the Canna Indica in larger quantities 
out of doors, several beds being filled with it alone. The importance necessarily 
due to any article possessing dietetic properties, at a season when so much anxicty 
has arisen from a fear of scarcity, led me to trespass on Dr. Garnier’s attention 
in order to ascertain how far the roots of the Canna Indica would yield a fecula 
which could be introduced in lieu of its ally—the Canna Coccinea. The Jous les 
Mois, or the fecula from the latter plant, has been introduced of late years from the 
West Indies, as a nutritious article of diet, and strongly recommended to the invalid 
in lieu of the fecula of the Maranta arundinacea or Arrowroot. I am indebted to 
the great kindness of Dr. Garnier for a supply of the roots of the Canna Indica from 
Bishopstoke, and my experiments were made on the produce of one bed about ten 
feet in diameter, which furnished twenty-four roots. The plants had grown about 
five feet high. The roots when first received weighted 49lbs, on being washed and 
trimmed, 223lbs. Upon preparation 100 parts of the clean moist root yielded 

774 moisture, 
19 fibre and soluble matter, 
34 starch. 


100 


Upon drying the root it was found to contain 15} per cent. of starch. 

For the careful investigation of the foregoing results I am indebted to the kind- 
ness of Mr. Warington, the chemical operator at Apothecaries’ Hall, whose name 
will be a sufficient guarantee for the accuracy of the chemical analysis. 

I have put up three specimens :— 

No. 1 contains feecula from Maranta arundinacea, 

No. 2 contains feecula from Canna Coccinea. 

No. 3 contains fecula from Canna Indica. 

No. 1 is from Apothecaries’ Hall. 

No. 2 is from the importers, Messrs. Hickson, Welbeck Street. 
No. 3 is from the investigations of Mr. Warington and myself. 


Upon examining some of the Tous les Mois from a respectable chemist, I found it 
to contain particles so different to those described by Pereira and others, that I sent 
to Messrs. Hickson and Son for some, and find it a totally different preparation ; it 
appears composed principally of starch globules, which, like those also of the Canna 
Indica, are larger than the arrowroot. I made a jelly from each, by mixing 1 dram 
of the powder with 3 oz. of cold water, and then bringing them to the boiling-point ; 
upon standing a day, I am disposed to think the firmness of the jelly is rather in 
favour of the two latter over the arrowroot. 

To institute a series of experiments on the comparative nutritious properties of 
these fecula, would require a considerable larger quantity than I can procure, and a 
careful investigation over some long period of time; but I have thought any one link 
added to the chain of nutritive articles might deserve a short attention from the 
members of the British Association, at any rate afford interest to the botanist, from 
the circumstance of a treatment adopted towards the cultivation of the Canna Indica 
in this country being very unusual, and, in the hands of Dr. Garnier, for some years 
most eminently successful. 


On Timber attacked by the Larve of Callidium Bajulum. 


By the Rey. L. Jenyns, M.A., PLS. 


The author exhibited specimens of timber taken from the roof of a church near 
Richmond, built about fifteen years since, which had been completely destroyed by 
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the larvee of the Callidium bajulum of Fabricius. The timber was of Norway fir, and 
the insects were supposed to have been derived, through successive generations, from 
eggs originally imported in the timber. These larve were found feeding upon the 
very heart of the wood, which was quite honey-combed from their attacks: exter- 
nally the wood was still sound, so as to deceive the eye and cause no suspicion of 
the mischief that was going on in the interior. 


On the Plant which yields Gutta Percha. 
By Epwin Lanxester, 4.D., F.RS. 


This plant is a tree, a native of Singapore, Johore and Coti, also at the south-east 
of Borneo, and at Sarawak. From an examination of the leaves alone the late W. 
Griffiths had supposed it to belong to the Sapotads. The Rev. E. White, who had 
seen the flowers and fruit, which consisted of a calyx with six sepals, a monopetal- 
ous corolla, six-cleft with twelve stamens, and a superior ovary, referred it to either 
Ebenads or Sapotads. From an examination of a plant collected by Mr. Jobb in the 
herbarium of Mr. Fielding of Lancaster, the author could not reconcile the plant 
with either of these orders. Sir William Hooker had referred it to the Sapotads and 
to the genus Bassia*. Small portions of the wood of the tree had been sent with 
Mr. Lobb’s specimens, from which it appeared that the Gutta percha was deposited 
in layers in the wood of the tree. It was first introduced to the notice of the British 
public by Dr. Montgomery, who had observed it to be used by the Malays for making 
the handles of knives, axes, and the like. It had however been long imported into 
this country in the form of whips and elastic sticks, which had been regarded as 
varieties of caoutchouc. In chemical composition gutta percha was identical with 
caoutchouc. Its most remarkable physical property was that of becoming quite soft 
at the temperature of boiling water, without being in any way adhesive, and on cool- 
ing it recovered its primitive hardness. It is insoluble in water and alcohol, bat 
soluble in ether, turpentine and the volatile oils. As the supply of this substance is 
large its applications will be probably very extensive. The Malays use it for many 
of the purposes of wood and bone. The Chinese use it for sticks and whips. In 
this country it had already been employed with success as a substitute for leather in 
making mill-bands, and thus it could be probably employed for any other purpose 
to which leather is applied. Its property of softening by heat without sticking ren- 
dered it susceptible of impressions, and it could be used for copying seals, imitating: 
carved wood. and ali the purposes of moulding. 


On the Vitality of Potato Seeds. By Joun D. Murray. 


In 1832 or 1833 a portion of ground in my garden, which had produced a crop of 
potatoes, was trenched to the depth of eighteen inches, and after bearing various 
crops for several years after, was turned into a flower garden and covered with tarf, 
which was kept regularly mown. After having been kept as a flower garden for 
eight or nine years, I this spring turned it again into a kitchen garden, and for that 
purpose again had it trenched eighteen inches deep and sown with beet-root. About 
a month ago, when weeding and thinning the beet-root, I observed that a considera- 
ble number (perhaps thirty plants) of seedling potatoes had sprung up. They were 
spread irregularly over the whole piece of ground, a few being in the rows with the 
beet-root, but the greater part in the intervals between the drills. When I last saw 
them (about three weeks ago) they were looking very healthy, and exhibited con- 
siderable variety in the shape of the leaves. I have no doubt that they are the pro- 
duce of seed from the crop in 1832 or 1833, which had been allowed to ripen on the 
ground, and the seed having been buried eighteen inches deep had remained dormant 
until brought again to the surface by the trenching this spring. 


* Sir William Hooker has recently received perfect specimens of this plant from India, 
a drawing of which will be shortly published in the Journal of Botany. There can be no 
doubt of its belonging to the Sapotads, and being a species of the genus /sonandia, Wight. 
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On Conjugation in the Diatomacer. By G. H. K. THwalires. 


In the early part of Jast month (May 2) the author had the good fortune to 
discover examples of Eunotia turgida, Ehrenberg, exhibiting in a most satisfactory 
manner the process of conjugation in its various stages ; not long afterwards he de- 
tected Cocconema lanceolatum, Ehr., Gomphonema minutissinum, Agardh, and Gom- 

honema ? (Sphenella vulgaris, Kiitzing,?) in the same interesting condition. 
In all the above-named species the process of conjugation is very similar, and in its 
essential character corresponds exactly with what takes place in the Conjugatee and 
Desmidiee. At the commencement of the process the frustules are seen to be ap- 
proximated in pairs, and in each pair a corresponding surface of the frustules in more 
or less close apposition. After a time each frustule splits asunder into two halves 
(in the plane where fissiparous division would ordinarily take place), and all its endo- 
chrome finds egress and combines with that of the opposite frustule through two 
channels ; thus two distinct masses of mixed eudochrome are produced, around each 
of which a membrane is developed, and in this way two sporangia are the result of 
the conjugation of a pair of frustules. 

The sporangia are at first cylindrical and short, and their membrane extremely 
delicate ; subsequently however they increase considerably in length, so as to far 
exceed in dimension their parent frustules, become somewhat fusiform and slightly 
curved, and with their cell-wall firm and marked with numerous transverse striz: 
when mature they bear a very close resemblance to the frustules of Cocconema ; 
indeed, the sporangia of Cocconema lanceolatum differ apparently in no respects from 
the frustules of that species, except in their much greater size ; nor is there any per- 
ceptible difference in the character of the endochrome. It seems most probable that 
the cell-wall of the mature sporangium is equally siliceous with that of the frustule, 
but the author had not been able to ascertain this point. 

A considerable quantity of mucus or gelatine is developed around each pair of 
conjugated frustules and holds them attached to their sporangia, even when the latter 
are mature, or nearly so. In the several species a difference is observable as to the 
relative position of the mature sporangia to the frustules from which they were pro- 
duced. In Eunotia turgida the sporangia are situated at right angles to the empty 
frustules, whilst in the other three species above-named they are parallel to them. 

Every one familiar with the mode of conjugation of the Desmidtee must perceive, 
from the foregoing account of this process in the Diatomacee, how precisely it agrees 
in every particular in the two families; and, although in most of the Desmidiee only 
one sporangium is produced from the mixed endochrome of a pair of cells, still in 
one or two species of Closterium two sporangia are always developed under similar 
circumstances. 

The question as to the animal or vegetable nature of the Diatomacee may now be 
considered settled, for it is surely scarcely possible to refer these interesting produc- 
tiors to the animal kingdom without also including with them the Desmidiee and 
Conjugates, which few naturalists will be disposed to do. 


On the Comparison of the Flora of Britain with that of other countries, 
By Miss Twrnine. 


By comparing the flora of our own island with that of the continent, and also 
with a general view of other parts of the world, a more correct idea may be ob- 
tained of the number and value of the plants indigenous to Britain; and by con- 
sidering some of our native plants in connexion with the whole order or group to 
which they belong, but of which they are only small and humble types, they will 
acquire considerable additional interest. Even the Euphorbia, which is chiefly known 
here as a small weed in gardens, is of the same remarkable structure in the parts of 
fructification and as worthy of examination as the more highly developed species of 
that tribe which in hot countries acquire a vast size and very different aspect. Other 
plants of this order are among the most singular in their character and uses. Of 
the great tribe Leguminose we have several herbaceous species, but only Ulex and 
Spartiam of a shrubby nature. In proceeding southwards we find Cytisus and 
many trees in this group; in the Tropics some of the most magnificent flowers . 
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belong to trees of this class, and the largest and toughest timber trees also. The 
Composite are all herbs here, but some of the British genera are found developed :n 
the hot regions of the world, in trees or shrubs, as Sonchus in Madeira, Chryso- 
coma at the Cape, Aster in Australia, &c. In St. Helena nearly all the trees are 
in this tribe. In other groups we possess the finest species, as the Oak, Ash an: 
Willows of our island. Sometimes the very same plant is found in other countries 
with no difference of character, but in very different situations, in order to find a 
suitable climate. Thus, Sazifraga oppositjfolia, which grows on hills in Yorkshire, 
Wales and Scotland, may be found in Switzerland, Germany and France, but in 
much more lofty localities than those of Britain; on the highest Alps, often near the 
limits of perpetual snow, and on the mountains of Bohemia and Moravia. In Mel- 
ville Island, it is in a sufficiently cool temperature on the level plain. Vacciniam 
Myrtillus grows on moors and low rocks in Britain, but in Switzerland on the highest 
parts of the passes of the Alps. Some Ranunculus, which grow here in meadows, 
find a proper temperature on the sides of the Himalayas. In the Callitrichinez 
tribe the same little plant represents it in very wide localities ; the small Callitricke 
verna of Britain being found in Lord Auckland’s Isle and in the Azores, and Caili- 
triche autumnalis of our ponds or ditches covers the same watery situations in IJce- 
land. The English botanist may study first in fields and woods of limited extent, 
but he will find much gratification in pursuing his researches and tracing out the 
links which connect some even of the most insignificant plants of our isle with the 
more highly developed productions of warmer climates, or in watching the gradual 
diminution of other species towards northern regions, and their disappearance on 
the confines of arctic vegetation. 


On the Arboreal Vegetation of Spain. 
By Capt. S. E. Wipprineron, #N., F.R.S. 


Papers on the distribution and habitats of the genus Pinus were read before the 
Association at Newcastle and Plymouth, which included those of the Peninsula. In 
his works on Spain, published in 1834 and 1843, the author had treated of most of 
the native forest trees in the same country. The object of the present paper was to 
bring together the information obtained at different intervals, and in a condensed 
form, to give a general idea of the forest vegetation of Spain. 

The author commenced with the Oaks, as hitherto on the whole the least known 
and attended to. The species described are,—1. The Q. Encina, or Spanish Ilex, 
yielding the sweet acorn. 2. The common Ilex of Italy and the south of France. 
3. The Q. Suber, or cork-tree. 4. The Q. Valentina of Cavanilles. 5. The Q Aw 
stralis of Link; and 6. The Q. Coccifera, or Kermes oak. These are all evergreen. 

The deciduous section comprises the Quexigo of the Spaniards, for which the 
native name is proposed. This species has never been made out or properly described 
until the last work of the author was published in 1843. 

The Q. Tosa, or Tauzen of the French and Alvar of the Spaniards, Q. Cerris and 
Q. Robur. 

For the better describing the localities, the Peninsula is divided into three great 
regions,—the north, or cold and humid; the middle, or temperate zone, comprising 
the greater part of the country; and the warm or torrid zone, formed by the region 
along the Mediterranean. 

The Q. Encina is on the whole the most widely-extended species, ranging from the 
high range of Cantabria, which divides the Castiles and Leon from Asturias to the 
shores of the Mediterranean, and from the Valley of Andora in the High Pyrenees 
to Gibraltar. This species alone gives the sweet acorns. 

The next species in importance is the Quexigo, which is found nearly over the 
same range as the Encina, but at a rather higher elevation, and not on the shores of 
the Mediterranean. It is sub-evergreen, retaining the foliage nearly all the year in 
lower and sheltered localities. 

The Alvar, Q. Tosa, is found in the great central range through the Peninsula 
above the preceding species, and immediately below the Pines. 

The other evergreen oaks are described as inhabiting various parts of the middle 
and southern regions; the Q. Ilex being the most rare of them, and only confined 
to a small locality in the porth. 
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The Q. Cerris and Q. Robur are found only in the northern region, or immedi- 
ately adjoining it, and nowhere in the interior of Spain. The common chestnut 
grows naturally only in Asturias and Galicia, and in a small and doubtful locality in 
the middle range between the Castiles. 

The Ash of the middle region is the Frazinus lentiscifolia, which in the northern 
region is replaced by the common F. excelsior of the north of Europe. 

Of the Pines, the highest in point of habitat is the P. uncinata of the High Pyre- 
nees, the P. sylvestris, found in the central or Guadarrama range, and that of the 
Sierra de Cuenca; the P. Hispanica of the author, a beautiful species, so far as is 


known, peculiar to Spain, till introduced to Britain by the author in 1832. The . 


P. Pinaster, P. Pinea and P. Halepensis are spread over wide localities of the middle 
and southern region, the Pinaster also occupying large tracts of the northern zone, 
and extending through the Peninsula. Of the Abies, the 4. pectinata is the more 
common and widely spread ; and in one locality near Malaga is the newly-discovered 
species first announced by the author in 1834, 4. Pinsapo. 

The other genera are cursorily treated, but require the less notice, as the paper 
will be published in extenso in the Ashmolean Transactions. 

The localities principally mentioned are the upland plains of the Castiles and 
Estremadura, the Pyrenees, the Cantabrian range along the Bay of Biscay, the Sierra 
de Guadarrama, Sierra de Guadalupe, Sierra Morena, Sierra Nevada, and Serrania 
de Ronda, Sierra de Cuenca, &c. 

The author called the attention of botanists and others to the procuring acorns 
from the oaks of Italy, and other localities of the south of Europe, more especially 
of those of the vast forests in the Roman, Neapolitan, Dalmatian and Grecian 
territories, in order if possible to give a synoptic view of this interesting branch of 
natural history. 


On the Oaks to be found in the Italian Peninsula. 
By Capt. Wipprineton, #.N., F.R.S. 


Since the paper by the author on the Spanish forests was read and the conversa- 
tion followed it took place, it has occurred to the writer that it would be very desi- 
rable if such members as may have the opportunity, either personally or by the 
assistance of their friends, would contribute to collecting accurate information re- 
specting the species of oak which are indigenous in the Italian peninsula; more 
especially that the acorns and plants of what is called Quercus Apennina should be 
collected and sent to the Horticultural Society or to Kew Gardens, and also that 
accurate information should be obtained of the species forming the extensive forests 
of Tuscany and the conterminous Roman state, those of the Abruzzi and of the 
marshes in the vicinity of Porto d’ Afizo, and of those in the kingdom of Naples near 
St. Germano, and those which supply the building materials at Castelmare. 


& 


Infected Leaves of the Potato from the neighbourhood of Oxford, communi- 
¥ cated by the Rev. N. Youna, of New College. 


MEDICAL. 


On the Forces concurring in the Phenomena of Human Life. 
By W. Avvison, M.D., F.R.S. 


Tue author having explained, in harmony with the views of Whewell and Herschel, 
the sense in which he employs the term force, as capable of originating new plize 
nomena, and of making things conform or yield to its influence, proposes, according 
to the methods of the same authors, by an appropriate classification of facts, to lay the 
basis of a theory of the forces which concur in the phsenomena of human life. 
Noticing the admitted classification of human knowledge under the heads of— 
1, Physical Sciences; 2, Vegetable Physiology ; 3, Animal Physiology; 4, Moral and 
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Intellectual Philosophy; he assumes the existence of four causes or forces suited to 
the distinctive phenomena which are the basis of this fourfold classification ; and for 
the sake of distinctness represents them by the symbols a, 6, c,d. The paper thea 
proceeds as follows :— 

Experience proves that the human being combines in his nature the whole of them. 
Forms of a, in the weight, impenetrability, and cohesion,—the solids and fluids of bis 
bodily structure. Forms of 4, in the morphology, growth, nutrition, secretions, pre- 
servation and reproduction of this structure. Forms of ¢, in his senses, feelings, 
emotions, passions and voluntary movements. Forms of d, in his intellectual phz- 
nomena, mind and moral sentiments. 

It is important to remark, that in each class the phenomena indicate that the 
additional assumed force does not supersede, but is superadded to the prior ones. In 
vegetable bodies, for instance, the vital force (6) does not supersede the more im- 
portant and ordinary phenomena of inorganic matter (a), cohesion, impenetrability 
and weight, but is superadded to them. So in animal bodies, consciousness and 
volition, the senses, emotions and voluntary movements, which are forms of (ec), do 
not supersede the furms of a and 6, the vital or the inorganic phenomena, the mor- 
phological phenomena or the weight, impenetrability, and cohesion, but are super- 
added tothem. Lastly, in man, the intellectual and moral phenomena are superadded 
to animal, vegetable and inorganic natures. Moreover, as the presence of the forces 
is assumed from an appropriate classification of facts, so therefore what is acknowledged 
in the facts must be acknowledged in the forces also. 

It is known that the human embryo, when visible only by the aid of the microscope, 
is simply a group of cells; manifesting an epigenesis and morphology conformable to 
a fixed natural type, and thereby known to be possessed of a vital force (6). But as 
there are no facts to show at this early period the presence of either ¢ or d, no 
proof of sensation, feeling, voluntary movements or reason, so therefore the appro- 
priate place of the early human embryo is in the second class. Before birth there are 
phenomena clearly denoting consciousness and voluntary movements, and when these 
are recognized, the body takes its place in the third class. It ia only after birth that 
intellect, mind and moral feelings (forms of d), establish its scientific title to the class 
of man. 

Hence the forces co-operating in the phenomena of human life do not originate 
simultaneously but have an order of succession,—a conclusion corroborated by the 

heenomena of old age. Mental and intellectual phenomena (forms of @) are the 

rst to disappear; then the senses, and emotions and passions (forms of c) ; then the 
vital phenomena, respiration, circulation and secretion; and it is not until] these last 
(the forms of 6) have ceased or disappeared, that the body returns within the domain 
of inorganic nature (a). Wherefore then the forces cooperating in the phenomena 
of human life may be thus represented :— 


Ist class ......... inorganic......0.. & 

2nd class ...... vegetable soveesees a+b. 

Srd class......... anlinal.....ccccces @+b+e, 
4th class......... MA&D....0.. seccenes a+b+c+d. 


Now if, as has been shown, the forces represented by the symbolic letters do not 
supersede hut are superadded to each other, then it follows as a necessary deduction, 
that the phzenomena of each class after the first are joint consequents of two or more 
antecedent forces,—vegetable forms and functions, consequents of a and 4, i.e. 
matter and a vital force. Animal forms and functions, consequents of a, 6, and c,— 
matter, a vital force, consciousness and will. And human forms and functions, con- 
sequents of a, 6, c, and d,—matter, a vital force, consciousness and will, with intellect, 
mind and moral sentiments. Lastly, if in the human example, intellect, mind, and 
moral sentiments be removed from the series, the individual is mad or insane. If with 
these consciousness and volition be removed, he is apoplectic, comatose, hysterical or 
fainting. And if with these the functions of the vital force (6) cease, he dies. 

{The deductions from this theory of human nature, applied to physiology, pa- 
thology and the classification of diseases, are reserved for professional publication] 
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Remarks upon the Vital Principle. By Jamus Biiuet, U.R.C.S. 


The object of this communication was to show the affinity of the vital principle, 
or rather vital property, to electricity—electricity subjected to certain influences by 
reason of its presence in the animal body, whereby its characteristics were rendered 
not so traceable and distinct as when placed in other circumstances. 


On some points in the Anatomy of the Eye, chiefly with reference t6 its Power 
of Adjustment. By Wiit1am Bowman, F.R.S. 


The author describes a layer of the cornea which has been hitherto overlooked, 
and which he calls the anterior elastic lamina. It is placed in front of the lamellated | 
tissue and the conjunctival epithelium rests upon it. It is homogeneous and trans- 

arent, and corresponds to the ‘‘ basement membrane”’ of the skin and mucous mem- 

ranes. It is unaffected by acids or by boiling, and has much resemblance to the 
membrane of Demours (or posterior elastic lamina) and to the capsule of the lens. It 
is bound down to the lamellated tissue of the cornea by fibres which pass into the 
four or five more superficial lamelle and lose themselves upon them. At the border 
of the cornea it terminates in similar fibres which penetrate the sclerotica. Its pur- 
pose seems to be to sustain the due curvature of the front of the cornea and to support 
the epithelium. 

The next point noticed is the nature of the interstices of the lamellated cornea, 
which the author shows to be tubular, and to form a system of channels having a very 
definite arrangement. They are capable of being injected with mercury or coloured 
size, and have a remarkably straight course, lying in numerous superposed series cor- 
responding to the lamelle. They appear not to be continuous with the lymphatics 
or blood-vessels, but yet probably serve as the special conduits for the nutrition of 
this beautifully transparent structure. 

The author then passes to consider the nature of the connexion existing between 
the lens and the outer case, and conceives that a muscular structure intervenes to 
which may reasonably be assigned the adjusting power of the eye. This structure is 
that pray‘ring lying between the sclerotica and ciliary processes, and generally known 
under the name of the ciliary ligament. The author terms it the ciliary muscle. 

The posterior elastic lamina of the cornea is described as terminating in a lexiform 
elastic fibrous tissue passing in a radiating direction towards the ciliary ligament. 
This tissue may be traced in three divisions :—Ist. A set going to the iris and termed 
the pillars of the iris. 2nd. The principal portion giving origin to the ciliary muscle. 
3rd. A set which passes to the sclerotica after leaving it so as to enclose the ‘ sinus 
circularis iridis.’ 

After alluding to the nature of the connexion subsisting between the lens and the 
ciliary body of the choroid, the author describes the ciliary muscle as possessing a 
decidedly fibrous texture, the fibres passing from the margin of the cornea over the 
outside of the ciliary body, and being inserted into that tough layer of the choroid 
coat, from which the ciliary folds pass towards the lens. He shows that the muscle 
is of the unstriped variety, loaded with nuclei; that its blood-vessels accurately re- 
semble those of such muscles; and that though its nervous supply is very large, yet it 
bears a constant relation to its mass. He argues that the motor element of the ciliary 
nerves, derived from the third nerve, is larger than the iris can be supposed to require, 
and therefore that this structure, which receives a considerable part of the ciliary 
nerves, is contractile; particularly as it contains none of the distinguishing vesicles 
of ganglia. 

The author next adduces the correspondence in arrangement and structural con- 
nexions between this structure and that which Sir P. Crampton long since described 
as muscular in the eye of the bird, and enters minutely into the anatomy of the part 
in the bird, with the view of establishing the identity of the two organs. He also 
alludes to the cochlearis muscle, as probably an analogous structure in the cochlea of 
the ear, and which was lately described by Dr. Todd and hitnself. 

The author then considers what would probably be the action of the muscle upon the 
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internal parts of the eye; and conceives that it would act from the border of the cornea 

us its most fixed point, and that it would on the whole serve to advance the ciliars 

body towards the cornea, and with the ciliary body the lens also; this effect beinz 

aided by the compression of the vitreous body, and the intervention of the canal of 
etit. 

Lastly, the cuthor describes the system of divisional planes on the opposite surfaces 
of the human Jens as more complicated than is usually supposed. In the human 
foetus they appear to be triple, as in most mammailia ; and in some cataracts of infants 
this triple division has been very apparent; but in the adult human eye these planes 
branch again and again, so as to amount to sixteen or more, often running in an ir- 
regular manner and dividing the lens into very unequal compartments. 

A brief account of most of the points detailed in this paper was given in June ia 
the ‘ Physiological Anatomy and Physiology of Man,’ by Dr. Todd and the author. 


On the Use of Gutta Percha for the purpose of making Moulds for Casts of 
Objects in Natural History, &c. By Gronrcs Buss, F.L.S. 


The gutta percha, when applied to this purpose, is to be softened by immersion in 
boiling water and rolled out in sheets of a size and thickness proportionate to the 
object of which the cast isto be made. For small and moderate-sized objects, a thick- 
ness of from y',th to ~;th of an inch is sufficient. An appropriate piece thoroughly 
softened in boiling water is to be placed upon the object and pressed firmly by mesns 
of the fingers or a soft pad into all the irregularities of the surface, and allowed t 
cool, when the mould will admit of removal. If it is desired to take the mould of a 
cylindrical body, such as a long bone, or other entire object, the sheet of gutta 
may be made to surround it entirely, and the whole while hot is to be firmly swathed 
with a tape or other fit band, so that the overlapping edges of the sheet may be welded 
together by the pressure. Moulds of this latter sort are to be removed by slitting 
them up in one or more directions, and after the object is removed, bringing the cat 
edges carefully together and binding the whole again firmly with the band as before. 
An opening must be made for the admission of the liquid plaster. In the case of 
delicate or very irregular ubjects, the mould should be removed from the cast after 
the former has been softened by immersion in boiling water. In this case one cast 
only can be taken from each mould. 

This mode of modeling is applicable only to objects sufficiently firm to bear the re- 
quisite pressure and the removal of the mould when hard. But soft objects, if resilient, 
such as the human flesh, admit of being modeled in this way. 


On the Blind and Deaf and Dumb. By Ricnarp Fow en, #.D., F.R.S. 


The author commences by referring to the cases (six in number) of persons blind, 
deaf and dumb from infancy, which he has seen, and particularly instances two young 
girls whom he saw last autumn in an asylum for the deaf and blind at Bath, as re- 
markuble for the great progress they had made in instruction. 

Judging from the mode in which persons blind and deaf seek to inform themselves 
of external objects by the sense of touch*, the author thinks that that sense is not 
limited to the ends of the fingers and to the mouth, but is extended to every volun- 
tary adjusting muscle in the body, and indeed that the perceptive sensations by touch 
are to be found rather in the muscular sense than in any specific nerve appropriated 
exclusively to that function. 

The most marked difference between persons both blind and deaf, and persons who 
possess both vision and hearing, consists, the author thinks, in this, that the latter 
pass rapidly from the sensational signs of objects to the objects themselves which 
excited these sensational signs, whereas to the blind and deaf these signs are more 
abiding objects of the mind’s attention. 


* See Sir H. Davy’s ‘ Sensations of extended Touch after breathing the Nitrous Oxide Gas.’ 
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The perceptive efficiency of the other senses besides touch, the author considers to 
be, in a great measure, dependent on the adjustments effected through the medium 
of the muscular sense; for if we would have distinct perceptions, we must look and 
listen with adjusted eyes and ears. 

But besides this, the author observes, that the mere adjustment of the eyes and ears, 
although these organs have lost their special sensations, aids the persons labouring 
under such deprivations to interpret the communications addressed to them by the 
touch; and this he thinks is the explanation of the fact observed by all instructors of 
the deaf or the blind, viz. that their task is much facilitated if light and sound are 
remembered to have been perceived, or can stiil make impressions, however faint and 
indistinct ; for these impressions excite proportionate adjustments. 

What has now been stated appears to the author to solve the problem how some 
persons newly couched recognise by the eye objects long known by the touch, and 
why others do not. For when any two of our senses have been impressed by the same 
object at one and the same time, the sensations reciprocally recal each other. 

It is not possible to have distinct information from any one sense till its impres- 
sions have been interpreted by simultaneous impressions from at least one of the 
others. When all the senses concur in their testimory that they are impressed and 
excited by one and the same object, we huve then, the author thinks, the evidence, 
and probably the only evidence, our nature affords of its external identity ; except in 
the confcurrent evidence of astronomical calculations and observaticns of the appear- 
ance, situations and occultations of planets and their eatellites*, for he is unaware of 
any fact to prove that the mind is perceptive of any object externu] to our sensations 
in some organs of sense. These sensations are a language, and the internal and in- 
nate ideas by which many of them are interpreted are our appetites. 

The instantaneous mutual recognition by the slightest touch of the lands of Laura 
Bridgeman and her blind companions, as they passed each other, led the author to 
think that simultaneously with the retransmission of the motor power for the adjust- 
ment of muscles, there must be also retransmission to the muscular fibres of the mi- 
nute arteries of the part to increase and sustain its sensibility and contractile powers. 

As it is now admitted with few exceptions that the blood is the sole source of the 
specific properties of all animal tissues and secretions,—that the heart (Sir C. Bell’s 
sixth sense) is the centre of our emotions,—and that the effects of arterial activity 
accompany the expression of all our appetites and most of our passions, the author 
thinks it probable that the attention of the blind to the sensations excited by contact 
may be followed by an accelerated flow of blood to the parts touched so as to render 
them more sensitive. 

Many instances of this mental influence on the sensibility of parts of the body in 
cases of hysteria, hypochondriasis and rabies must be familiar to medical men. The 
larynx may be felt to vibrate distinctly while articulating some letters of the alphabet, 
but few are aware of this till they have attentively watched the feelings by which 
such vibrations are indicated. 

The following fact is adduced to prove the activity of the mind for sensation percep- 
tion :—Two boys, couched by Sir E. Home, could not see how many angles there are 
in a solid square and triangular figures till they had deliberately looked at each of the 
angles separately. 


Dr. Fowler communicated certain accounts which had been given to him concern- 
ing two pony foals in some points resembling stags. These points were, viz. the 
mouth, neck, back, tail and legs like those of a stag. The ears and feet were like 
those of a horse, the latter not being cloven. 

5 The foals in question were out of two pony inares and supposed to have been got 
ya stag. 
Dr. Fowler however observed, that notwithstanding the testimony of several re- 
spectable persons, who had seen both the foals and their dams, the difference in the 
periods of gestation in the two species seem to oppose so insuperable an obstacle to 


* The correctness of our instinctive inferences—that the objects which appear to excite 
our sensation are really external to us,—seems to derive considerable support from the exact 
accordance as to the whereabouts of the newly-discovered planet, with the place in which it 
was afterwards actually seen. 
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any productive intercourse, that a more circumstantial investigation of this and some 
other occurrences of the kind which he has since heard of will be required before 
a final opinion can be formed. 


On the Phystological Condition of the Blood in Erysipelas, and probably in some 
other cases of Inflammation.. By Joun Goopman, M.R.C.S.L., Manchester. 


The author having geuerally used vencsection in erysipelas (where admissible), has 
Jong remarked a peculiar contrast and dissimilarity between the quantities of serum 
and coagulum in blood taken from individuals labouring under that malady. 

This constantly occurring difference has frequently induced the author to weigh 
separately these two constituents of the blood, and he has invariably found 
coagulum, after standing twenty-four hours, to preponderate considerably. 

The first quantities which he weighed several years ago were, serum 44 ounces, 
coaguluin 22 ounces. This has been generally about the average proportion which 
he has met with; and by repeated bleedings afterwards to a smaller amount, or in 
proportion to the strength of the patient and the severity of the symptoms, with the 
usual applications and remedial agents, as well as by the exhibition of drinks, gruel and 
other fluids taken into the system, the two constituents have been gradually reduced to 
an equality in volume or thereabout, when the patient has as certainly recovered. 

The buffy coat was found to be no indicator of the necessity for venesection, for 
generally the last amount taken would be more cupped and buffy than any preceding 
ones, and yet the sunguineous fluid had already assumed those proportions by which 
the author could predicate a freedom from the disease. The author has also witnessed 
the same conditions of the blood in pericarditis and some other inflammations. But 
his observation has not extended much to the nature of this fluid in other cases, 
although he has reason to believe that a similar condition prevails more or less in all 
diseases of an inflammatory character; for the whole profession, una voce, consign 
inflammatory action mostly to the plethoric or hyperemic condition of the system. 

In these, his observations have led him to the conclusion that where it is discovered 
that a preponderance of coagulum is found to exist, venesection and diluent drinks 
have been highly serviceable ; but where there has been a superabundance of serum, 
as in Chlorosis, &c., blisters, diuretics and very trifling abstractions of blood have been 
found most successful. 

(The author adds notices and reflections on the mode of treatment which the facts 
suggest, and mentions specific cases. ] 


On the supposed Antagonism between Consumption and Ague. 
By Dr. Grosuavs. 


The author, after noticing the progress of the celebrated theory of antagonism 
between ague and consumption, and mentioning as the result of his personal expe- 
rience in the clinical course of 1845 to 1846, that among 115 patients he had ten 
cases of ague, four of tubercula pulmonum, and thirteen of consumption (the di- 
stinction of these two last-named classes of disease is insisted on by the author), adds 
the following observations, derived from his personal experience in Rotterdam :— 

1, In some countries consumption appears not to be acute; it is connected with 
very few inflammatory symptoms; and though it is always a very dangerous disease, 
still there may he more hope of recovery than in other districts. In other cases it 
may assume a very protracted form, with great intermission of symptoms. 

2. It would be difficult to give the cause of these variations in the disease, but it 
appears that this favourable modification is to be met with principally in those districts 
where ague is most endemic. 

3. In those countries consumption is not so much characterized by that peculiar 
frame of body which is known by the name of habitus phthisicus, and as the disease 
may appear unattended by many of its common symptoms, so this may have given 
occasion to suppose that it is a more rare disease than it-really appears to be ; for by 
aid of physical examination during life and post-mortem examinations, it may be 
ascertained that consumption is a most common disease even in those countries to 
which we allude. 

4. Still there is reason to suppose that consumption, though always very common, 
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is not so frequent in those countries; but through want of statisticai facts, this cannot 
be ascertained at present. 

S. Weare daily taught by experience that those labouring under tubercular disease, 
and even under consumption, may at the same time become affected with ague. 

6. Though perhaps ague does not appear in them in so severe a form, still ague 
when met with in tubercular individuals cannot be considered as salutary, for we know 
by experience that the softening of tubercles is commonly fostered by ague so much, 
that it may be ascertained asa practical rule, that ague in tubercular individuals ought 
to be cured by specifics as quickly as possible. 


Examination of the Corpuscles of the Blood of Amphioxus lanceolatus. By 
T. H. Huxuey, Esq., Assistant Surgeon of H.M.S. Rattlesnake. (Communi- 
cated by ‘T. Wharton Jones, F.R.S.; with some Preliminary Remarks and 
References to Mr. Jones's Papers on the Blood Corpuscles (Phil. Trans. 1846), 
in which the results to be expected from an examination of the Blood of Am- 
phioxus are enunciated). 


In September last I waa furnished, by the kindness of Professor Edward Forbes, 
with one of the living specimens of Amphioxus lanceolatus, which that gentleman 
exhibited at the meeting of the British Association at Southampton. 

On the succeeding day I proceeded to examine the blood of the animal, but it un- 
fortunately no longer exhibited any signs of life, and it was with difficulty that I 
obtained two drops fur that purpose; the one by making an incision into the skin 
(having first carefully dried the surface), the other by cutting off the extremity of 
the tail. This difficulty will, I trust, be a sufficient excuse for the want of that com. 
pleteness about the following statements, which more frequently repeated observations 
might have given them; at the same time I believe they will be found correct as far 
as they go. 

The blood was thin and had a very slight rusty tinge. Under the microscope (ob- 
jective {th of an inch, Ross) it presented the following appearances: in both specimens a 
number of large irregular pale greenish granule-cells rather more than gsi;nth of aninch 
in diameter; these contained a few scattered strongly refracting granules, were shot 
out into one or two irregular processes, and adhered together into masses. Besides 
these there were others having much the same characters, but possessing either more 
or fewer granules, so that there was a complete gradation exhibited from those which 
were full of coarse granules, to those which had quite a fine texture without any gra- 
nules at all. 

By the action of water the processes became obliterated, and the granules all 
assumed the form of a very pale and colourless‘globular cell, with large granules here 
and there, and a very pale nucleus occupying rather less than half ite'diameter. In 
one part of the field [ perceived such a nucleus floating about attached only to a 
number of granules, which appeared bound together by an intermediate substance in- 
visible from its transparency. ‘The whole mass appeared to have become free by the 
bursting of the cell-wall, which was nowhere to be detected. In one specimen only 
(that obtained by puncturing the skin) I observed two roundish or slightly oval cor- 
puscles, rather more than gy4ygth of an inch in diameter, with a nucleus occupying 
three-fifths of that extent. ‘This nucleus was greenish-looking, and refracted light 
strongly, while the cell-wall was of a pale reddish colour and exceedingly delicate, 
so much so that it seemed more like a reddish halo round the nucleus than a distinct 
structure. Altogether, with the exception of the last-mentioned corpuscles, the 
blood of the Amphioxus had a most remarkable resemblance to that of an invertebrate 
animal, and that inevery particular. [This communication was illustrated by figures. ] 


Scarlatina tncreased and aggravated by the want of Ventilation. 
By the Rev. Tomas Rankin, 4.A. 
The author details the circumstances of five cases of scarlatina which occurred io 


the village of North Dalton, near Duffield, Yorkshire, in the autumn of 1846, which 
support the statement contained in the title of this communication, 


96 REPORT—1847. 


STATISTICS. 


Statistical Remarks relating to the several States under the Crown of Dev 
mark. By M. Rupotpy Bievxe, Secretary of the Danish Legation a 
London. 


Tue entire population at the last Census, February 1840, was 2,406,800, divided 
thus :—Denmark proper, 1,355,000 ; Slesvig duchy, 348,526; Holstein, 455,093; 
L.auenborg, 45,342, This population (excluding the Colonies, population, 126,462, 
Fero Island, 6,928, and Iceland. 56,055) is distributed over 1030 geographical square 
miles, making on an average 2070 inhabitants to each square mile. The duchies ere 
proportionately more populous than Denmark proper, as will be seen by the follos- 
ng table. 

Denmark proper, average population per square mile, 1855; Rural district:, 
average population per square mile, 1478; Slesvig, average, 2107; Rural districts, 
1759; Holstein, average, 2940 ; Rural districts, 2430; Lauenborg, average, 2386; 
Rural districts, 2038. 

The smallest average population is on the west coast of Judland, being 681 ony; 
the greatest, on the small island of Oro, being 5416 to the square mile. The town 
population is to the rural in Denmark proper about 1 to 4, and in the duchies abou: 
1to3. The births of males exceeds that of females, but the proportion of males to 
females alive is as 1000 to 1015, in the entire state. This proportion is changed in 
Holstein into 1000 to 986, owing to the number of women who seek employment 
in Hamburg and Lubeck. More than one-third the population is under 15 years. 
The proportion employed in agriculture is one-third; in manufactures more thas 
one-fifth; military and naval service, 1 in 17; paupers, 45 in every 1000 inhabitants. 
The number of married persons in 1840 was less than in 1801 by from 11 to 12 per 
cent., the reason of which may be found in the diminution of early alliances, trace- 
able to the increased pursuit of comfort, luxury, and the advance of artificial wants. 
The number of marriages dissolved by divorce and those dissolved by death in the 
years 1836 to 1839 was 130 and 7954 respectively. 

The number of births per annum was to every 100 of the population on the average 
of 5 years, from 1835 to 1839,—in the kingdom, 3:21; in the duchies, 3:32. The 
number of deaths in the same period was 2°32 in the kingdom, and 2-20 in the duchies, 
to every 100 individuals. Since 1833, there has been a slight decrease in the pro- 
portion both of deaths and births. The increase of population on an average of 39 
years up to 1840, was 0°83 per cent. for the kingdom of Denmark and 0-89 for the 
duchies. Since that period it has been at the rate of 0°88 per cent. for the kingdom 
and 0°97 for the duchies. This increase is only due to the diminished mortality ; and 
the more favourable proportion in the duchies is owing only to the less favourable 
proportion of births to deaths in Copenhagen. The increase 1s on the whole however 
greater in the towns than in the country, especially such towns as possess commerce 
and shipping, between which and the increase of population there is a perceptible 
relation. 

On the origin and language of the Population it was stated that the whole of the 
inhabitants of Denmark proper were of Gothic origin ; those of Slesvig partly of the 
Scandinavian, and partly of the Germanic and Frisic family ; and those of Holstein 
entirely of the Germanic, with an intermixture of 60,000 Ditmarkes of Frisic origin: 
the inhabitants of Lanenborg appear to be of Germanic ong, although the circum- 
stance of this country forming a part of Sclavonia, has led to the supposition that 
they were Veudes. There are upwards of 8,000 Jews scattered through the states. 

he language of Denmark proper is a branch of thé Scandinavian, spoken in the 
whole north in the tenth, eleventh, and twelfth centuries, and preserved up to the pre- 
sent day in its exact idiom in Iceland. In Holstein, the German prevails. In Slesvig, 
the Danish, German and Frisic are all found: the German has been gaining ground 
during the last three centuries. The Danish preponderates north of a line drawn from 
Flensborg or the eastern to Tondern on the western coast, being used in the 
churches, schools, and courts of law by a population of 115,000 people, or a third of 
the inhabitants. In the southern part of the duchy a population of 150,000 use the 
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German, while in the intermediate space upwards of 80,000 inhabitants, the Danish, 
Frisic and German are spoken. In this district, the Jangnage of the churches and 
schools is German, and the popular dialect with the lower orders is Danish. The 
religion of the states is Lutheran, which the king is obliged to profess ; the other 
religions are Calvinism, which has 1600; Roman Catholicism, which has 2330 ; and 
Judaism, 8000 followers. There are also 678 Hernhutters (Moravians), and 30 mem- 
bers of the Anglican church. 


On the want of Educational Establishments specially adapted to those persons 
born with a feeble or imperfect mental organization. By D. GASKELL, 
M.R.C.S. 


The object of this paper was to demonstrate the number of the idiotic portion of the 
community ; to state the nature of their peculiarities and deficiencies, as well as the 
method of overcoming such defects; and, lastly, to show how, by the establishment 
of institutions adapted to minds the most irregular and wanting, public attention 
would be advantageously drawn to the large proportion of that low class of minds 
prone to, and easily led into the commission of crime. 

According to a late return made by the Commissioners in Lunacy, it appears that 
there are in the workhouses of England and Wales upwards of 4000 paupers born 
naturally deficient in mind. To this number nwst be added all those placed in asy- 
lume and living with their friends. 

In the county of Lancaster it appears from an investigation made at the beginnin 
of this year, that of those paupers returned as insane but not placed in asylums, 188 
only have been attacked with insanity, whereas as many as 503 have been mentally 
deficient from birth. If to this large number of paupers be added those belonging 
to every other grade of society, we become conscious of the extent to which idiocy 
prevails in the community. 

In stating the peculiarities belonging to this class of persons, all minute description 
of the various forms of idiocy was avoided, and the main features, namely, the pre- 
sence of strong instincts and propensities combined with feeble moral and intellec- 
tual powers, was mainly dwelt on. The means of remedying these defects by systema- 
tic training was then stated to have proved successful. ‘Lastly, it was argued that 
by the establishment of institutions destined to regulate that lowest grade of human 
beings born with strong but misguided passions and propensities, public attention 
would be directed to those parties considered responsible, in whom there is a natural 

roneness to crime, owing to like deficiencies, namely a more or less low moral and 
intellectual power combined with fully-developed perceptions, passions and appetites. 


On the variations in the supply of Silver Coin in Ireland during the operations 
for the Rekef 4 Distress in 1846 and 1847. By W. Nritson Hancock, 
LLB. M.RILLA., Professor of Political Economy in the University of 
Dublin. 


The facts respecting the supply of silver coin were all taken from the correspon- 
dence on the operations for the relief of distress in Ireland, which had been presented 
to parliament. The Board of Works in the summer of 1846 found that, notwith- 
standing the quantity of silver coin they distributed in payment of labourers’ wages, 
great difficulty was experienced in getting change for notes, Inthe commencement 
of September the government sent 30,0001 worth of silver coin direct from the Mint 
to Ireland to supply the deficiency. After the end of October the Bank of Ireland 
was employed to import large quantities of silver from the Bank of England. By the 
4th of December the banks in Ireland found the silver coin returning more freely to 
their coffers, But in the Skibbereen district, on the 6th of December, the paymaster 
found it impossible to get silver coin, and from the delay of payment of wages conse- 
quent on this difficulty, an assault was attempted on one of the overseers, and others 
were exposed to great danger, and the entire works nearly stopped. On the 16th of 
December a steady and general increase was observed in the supply of silver coin in the 
banks. On the lst of February 1847, the coin had accumulated to such an extent at 
Skibbereen and some other places that the stowage of the banks was entirely filled. 
Such being the variations in the supply of silver coin, the attempts to account for them 
hitherto offered were unsatisfactory. The Board of Works only said the coin disap- 

1847. H 
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peared without stating where it went to. The general impression was thet the com 
ad been hoarded ; but hoarding could not have been the sole or chief cause of the 
scarcity, else it would have begun gradually instead of suddenly: it would have bees 
accompanied by a scarcity of gold or bank notes, and it would not have bees greatest 
in the poorest districts. To attempt to account for it by supposing it to arse frou 
the mercenary motives of individuals or from a desire to embarrass the government, 
as some had done, was to follow the old prejudices against forestallers, and to adopt 
the error of supposing that prices could be raised by combination of merchants 
instead of being really independent of their control. 

He considered the chief, if not the sole cause of the scarcity of coin to be, that the 
failure of the potato crop destroyed the system of barter which previously iled 
ta a great extent in the agricultural districts in Ireland, and especially in the neigb- 
bourhood of Skibbereen, and so rendered it necessary to introduce and retain a con- 
siderable quantity of silver coin as currency to supply in the small transactions of 
the poor the place of the barter previously carried on. The extent to which barter 
had prevailed in Ireland was not generally known. ‘The rent of the labourers’ cabins 
and of their conacre potato ground was generally paid in labour and not in money. 
In some places even the cutting of turf and the remuneration of artisans was effected 
without the intervention of money. The potato failure rendered the continuance of 
such a system impossible. A scarcity of silver coin from the substitution of currency 
for barter would be sudden, and would last longest in the poor districts like Skibbe- 
reen, where barter had been most general ; where once the quantity of coin required 
as currency had been introduced, any further introduction of coin would only produce 
a surplus in the banks. Thus all the facts observed were fully accounted for by sup- 

osin the destruction of barter to have been the cause of the scarcity of silver coin 
n Ireland. 

The measure adopted to relieve the scarcity was the importation of silver by the 
overnment. The result of this interference with trade was, that the business was 
adly done at a great cost. The measure which should have been adopted was the 

purchase of silver at the market price at the places where it was wanted ©. 


Results of a Scheme by Mr. VANDALEUR, for Improving the Condition of 
Labeurers, tried at Ralahine, co. Clare, Ireland. Communicated by the 
Rev. E. R. LARKEN, M.A, of Trintty College, Oxford, Rector of Burton 
by Lincoln. 

In the present condition of Ireland and among the many remedies that are pro 
pounded on all sides for her distresses, it appears strange that so little stress hes 
been laid on the capability of the soil of that country to maintain its own inhabitants, 
provided their labour were systematically organized, the resources of the country 
duly husbanded, and the producers of wealth by labour and skill rewarded for their 
exertions in equitable proportions to the share accruing to the third element af pro- 
duction, capital or property. 

It is conceived that some detail of a scheme for improving the condition of labour- 
ers, tried sixteen years ago in the West of Ireland, would neither be considered unin- 
teresting or uninstructive, This scheme was tried in the years 1831, 1932 and 183%, 
by Mr. Sohn Scott Vandaleur, at Ralahine, in the county of Clare, about twelve miles 
from Limerick. The estates contained about 622 English acres, 326 of which were 
tillage land, mostly of good quality ; a portion stiff and requiring good manuring, 
and another portion stony. The pastures and plantations comprised about 324 
acres, and a great portian of the pasture land was capable of being cunverted into 
tillage; 62 acres were bog. This estate was let by sgreement from Ist November 
1831, by Mr. Vandaleur to three Trustees (of whom Mr. E. T. Craig, who also filled 
the office of Steward or Secretary, was one), in behalf of the Agricultural Association 
which it was desired to form on the property. The live stock on the estate was also 
made over to the Society, and yearly interest charged on its value (15007) at 6 per 
cent. The buildings upon it were valued at 1000/., and rent paid for them at 6 per 
cent. on that’sum. The tools, machinery and implements were estimated at 10002, 
and interest charged thereon at 5 per cent. The rent and interest were to be paid 
in a certain quantity of produce of different sorts, fixed upon at the commencement, 


* This paper has been since published in the Banker's Magazine, No. xli, August 1647. . 
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and in the event of a deficiency in one sort it was to be made up from others to the 
same amountin value. The rent charge was as follows :— 


The annual rent of the estate, 622 acres .....cccccssccvecesssccscescescsesssces 200 O O 
Interest for live stock, valued at 15001, at 6 per cent..........ccressecccesese 90 0 O 
Interest on buildings, valued at 1000/., at 6 per cent. .......scccccssceresrseee 60 0 0 
Interest on tools, implements and machinery, valued at 1000/., at 5 per cent. 50 0 0 


£900 0 0 
The produce required to meet the above charge was estimated at the prices in 


Limerick market when the scheme was commenced, and those prices gave the fol- 
lowing results : 


£ «@. d. 

6400 stones of wheat, at ls. 6d. per stone ....csecccocceseceere 480 0 0 
3840 stones of barley, at 10d. per stone .......00.0008. Coccscees 160 0 0 
480 stones of oats, at 10d. per stone ....ccccccssccceceees ecscee 20 0 0 
70 cwt. of beef, at 40s. per CWE. .c.scocsccscccscccssccosnscres 140 0 0 
30 cwt. of pork, at 400. per cwt. .......... ee cececeeseress oo. 60 0 0 
10 cwt. of butter, at 800. per CWL.........cccerececseccseceecees 40 0 0 
£900 0 0 


By the adoption of this mode of payment in a fixed quantity of produce, the So- 
ciety undertook the risk of good or bad seasons, and Mr. Vandaleur the hazard of 
high or low prices. 

By the terms of the agreement Mr. Vandaleur placed a large amount of property 
in the hands of persons completely devoid of capital, and whose prejudices and igno- 
rance led them to oppose the plan in the first instance, though they became subee- 

uently fully alive to its adyantages. It was agreed, therefore, that if the scheme 
should fail, the property should revert to the proprietor at the end of the first year. 
The objects of the Association were,—lIst. The acquisition of a common capital. 
2nd, The mutual assurance of its members against the evils of poverty, sickness, in- 
firmity and old age. 3rd. The attainment of a greater share of the comforts of life 
than the working classes ordinarily possess. 4th. The mental and moral improve- 
ment of the adult members. 5th. The education of their children. The advantages 
anticipated by the proprietor were,—1st. To obtain a higher rent for his land. 2nd. 
Better interest for his capital. 3rd. To secure the punctual payment of these. 
4th. Security for the advances made upon the labour of the people. 5th. The safety 
of the stock, machinery and capital entrusted to them. 6th. to effect their objects 
in accordance with the laws, and at the same time to improve the condition of every 
member of the Association. The members of the Society were to work as many 
hours, to do as much work as common labourers or workmen, and to draw no more 
from the funds of the Society than would have been paid them for wages as such. 
This they were to continue to do until they had a capital of their own. A regular 
account was kept of the time and labour of each individual each day, and at the end 
of the week the same sum was paid to each upon his or her labour that Mr. Vanda- 
leur had formerly paid them for wages. All the profits were to accumulate until the 
value of the stock and implements, as per inventory, should be paid off; when the 
Society would decide what was to be done with the surplusin future. The money 
advanced by Mr. Vandaleur on the labour of the members was in labour notes, pay- 
able only at their own store. The number of these registered for circulation in the 
Society amounted to 50/., in the following proportions :— 


£ s. d. 

140 at 4s., representing 6 days labour ......... scscesserere BO 0 O 
110 at 2e., representing 3 days’ labour .......ccccssseessoee 11 0 0 
210 at 8d., representing 1 day’s labour .......-cesssssees oe £¢ 0 0 
120 at 4d., representing 4 day’s labour ......cc.sscooscereee 2 O O 
120 at 2d., representing 4 day’s labour .......-.scccesseee 1 0 0 
160 at ld., representing 4 day’s labour .........0. socccecees 013 4 
160 at 44., representing 4 day's labour .........cccccose 08 6 8 
£50 0 0 


Hes 
2) 
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Whenever the members required articles not sold at their store, they could ex- 
change the labour notes for cash by application to the Treasurer. But no smoking, 
drinking of spirits or gambling were allowed by the rules of the Society. The sum- 
ber of adult persons selected for the experiment in the first instance was 40; con- 
sisting of 21 single men, 7 married couples=] 4, and 5 single females. The number 
was too small to cultivate 326 acres, and some additional members were therefore 
highly requisite ; but during the first few weeks no person would offer to become 2 
member of the “ new system,” as they emphatically termed the Society. However,s 
short space of time was sufficient to induce numbers to seek admission. By the rules 
no person could be admitted without the approval of the president, nor could be 
force one upon the members against their will as expressed by the ballot. They bad 
also the power, after a new member had lived among them fora week, to reject hm 
by ballot, if he did not promote the interests of the Society. This was followed ix 
some cases with beneficial results, 

To produce the quantity of produce stipulated for as rent charge it was necessary 
to cultivate 


£ ad 

40 acres of wheat, at 8 barrels per acre=320 barrels at 30s....... . 480 0 0 
20 acres of barley, at 12 barrels per acre=240 barrels at 13s. 4d.... 160 0 0 
10 acres of oats, at 5 barrels per acre=50 barrels at 8s.............00. 20 0 0 

and to raise 

12 fat beasts of 6 cwt. each=72 cwt., at 40s. per cWl. s...ecsceaceeee 144 0 0 
20 pigs of 14 cwt. each=30 cwt., at 40s, per CWt. ....ccrccscececees . 6 0 0 
10 cwt. of butter, at 80s. per cwt.  .........00 soncere beosaceccecece eecces 40 0 6 
904 0 0 


Also 40 acres of potatoes for the members and stock, and land tilled for turnips, 
vetches, rye grass, mangel-wurzel, &c. 

In January 1832 there were 50 members, and admission was earnestly desired on 
account of the comfortable circumstances of the members, which were superior to 
those of even the farmers of the neighbourhood. The wages of the members were 
as follows, deductions being made for absence from work :—Secretary, superintend- 
ent of agriculture, carpenter, store-keeper and smith, 8s. each per week. arpenter 
assistant, smith’s assistant, gardener, butcher and mason, 6s. each per week. Plougb- 
men, 5s. each per week. Agricultural labourers, 4s., and women, 2s. 6d. each 
week. The labour of the youths under 17 was not entered into the labour-sheet, bat 
it was found more than equivalent to the expense of their support and education. 

Reports were made at the close of each day of the labour performed by each adult 
member, and copied into the labour-sheet alluded to above. Each appointment was 
speciied and classed, whether on the farm, for the family, or for improvements. 

his labour-sheet was made up at the end of the week. The sums appearing therein 
for the week ending 14th January 1832, were— 


£ 3s. d. 

For Farm.......+ docecevsceccscncccees 7 42 
go Family .......cscccssccccccecceees 015 8 
a» Improvements .......scceess we 2 4 4 
£10 4 2 


The following articles of provisions were paid for at the store, and rent paid dariog 
the same week :—Potatoes, 243 stone==40s. 6d.; Milk, 202 quarts=16s. 10d.; But- 
ter, 133 Ibs.=-9s. Qd.; Rent, 10s.; Mutton, 94lbs.=3s. 2d.; Eggs, 8d.; Fuel, 74d. 
Total, 42. Os. 114d. 

Education was afforded to the infants, children, youths and adult members. Meals 
were taken in public or private as best suited the convenience of each person. The 
labour of women was rendered available to the increase of the Society’s wealth or 
the cleanliness of their habitations, the washing and cooking being performed 
from the dwellings, and the children being taken care of in the schools, The Asso- 
ciation had rapidly improved during the second year of its existence. The landlord 
was satisfied with his rent in produce, and the members had increased their comforts. 
Their number had increased to 8]; and the consumption of the week ending 6th 
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October 1833, was,—Milk, 446 quarts at 1d.—=37s. 2d.; Potatoes and other vege- 
tables, 53s. 6d.; Butter, 120. 1d.; Pork, 19s. 74d.; Cottage rent, 4s. 3d.; Turf, 9d. 
Total, Gl. 7s. 44d. 

The Society had built several cottages for the newly-married members, They had 
improved the property by spade cultivation, and each enjoyed greater individual com- 
forts than they possessed before. Some who entered the Society with a scarcity of 
clothing had now two suits and a reserve fund of money. Their morals and personal 
appearance had improved. All articles of consumption were paid for as received, 
and habits of prudence were acquired which before had been unknown. The aspect 
of the Association promised a career of success, when circumstances compelled Mr. 
Vandaleur to leave Ireland, which put a stop to proceedings which had exhibited to 
the world the possibility of governing the Irish people upon a plan at once practi- 
cable, profitable and pradent ; and which, it is conceived, might be introduced with 
propriety into Ireland at the present time, as it could be carried into uperation with 
very little additional capital to that now invested in that country in agricultural and 
manufacturing operations. It would also be easy of adoption by a party emigrating 
to the colonies. It would give increased facilities, owing to the union of efforts for 
production ; cause economy in distribution ; and, at the same time, give to each in- 
dividual perfect personal freedom, and a complete control over his own resources. 


On Education and Crime. By F.G.P. Neison, F.L.S. 


At the meeting of the British Association in 1846, Mr. Neison communicated some 
calculations and deductions on the influence of education on crime in England and 
Wales, during the interval between the years 184] and 1845. On that occasion it 
was shown that of a variety of elements tested and supposed to exercise some mate- 
rial influence on crime, none were found subject to any definite law, or to manifest 
any direct control on the increase or decrease of crime, except education. The pre- 
sent paper was read in continuation of the former inquiry, and embracing the period 
of years 1834-1844. It was stated that if the term education be held to signify the 
culture and elevation of the moral character, it is evident that its immediate and 
essential influence is to destroy crime. In fact, in such sense, education and freedom 
from crime must bear the relation to each other of cause and effect ; and therefore, 
when education is at a maximum, crime must of necessity be at a minimum, so that 
if the term be viewed in this light, no statistical evidence would be 2 priori necessary 
to solve the problem proposed ; but if the term education be used in its ordinary 
acceptation, and merely imply instruction, it then becomes a fit and important ques- 
tion, to determine whether education, in this limited sense, has any influence on the 
development of crime. The best available test of education in this country is that 
furnished by the records of the Registrar-General, which show the proportion of the 
persons marrying who are unable to write their names in the marriage registers. B 
following out this test, it was found, that in those districts of the kingdom in which 
the greatest proportion could write their names, crime was about 31 per cent. below 
the average of the whole country ; but in those districts in which the least proportion 
could write their names, crime was 13 per cent. above the average. But, lest it should 
be argued that in the two groups now referred to, the difference in the amount of 
crime may be owing to the influence of some other element than simply education or 
instruction, a still further analysis of the facts was attempted. In so far as the sub- 
ject had yet been investigated, it might be fairly said that a high state of education is 
always found accompanied with a reduced rate of crime, and that a low state of educa- 
tion carries with it an increased amount of crime ; but it still remains to be determined 
whether that difference may not arise through the agency of some. other element. It 
may be held that a high state of education is generally the concomitant of wealth or 
more advanced position in the social scale of society, and hence the reduced rate of 
crime ; and that a low state of education is usually associated with a peculiar grade of 
employments and manufactures, subject to marked fluctuations in prosperity, exposing 
those engaged in them to deprivation, temptation and vice, and thus directly increa- 
sing the amount of crime, which is falsely believed to have arisen from want of edu- 
cation, instead of the poverty and distress co-existing with it. 

An arrangement was made with a view to diminish those supposed disturbing 
forces, by which the various counties and districts were divided into sections, so that 
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the comniunities composing them were as much as possible similarly circumstanced 
in regard to manufactures, in regard to agriculture, in regard to wealth—in fact, thet 
the two differed from each other only in the degree of instruction or education ; and 
hence so far as statistical tests are at present available, the two sections or classes com- 
pared, were, with the exception of education, placed under exactly the same social and 
political conditions of society. The following is an abstract of the results arrived at-— 


Groups of Counties giving the results 
for the Male sex only. 


above the average ............... 
Man ing and agricultural in- 
terests nearly equal............... 
Greatest wealth ....... eecceccccccees + 
Least wealth .......cc.cccccccccnsees 
Counties of least education......... 
punties of most education ...... 


The last column of the preceding abstract shows the difference per cent. in the 
rate of crime in the badly-educated sections of each group over that which i 
in the better educated sections of the same group; and it must be ed as3 

werful argument in favour of even the small degree of education or instruction 

ere recognised, that not a single instance has appeared in which a marked, and, 
generally, a most striking difference, averaging above 25 per cent., does not show 
itself in favour of the better educated districts. All the other combinations and 
arrangements made to determine the active element in the increase and decrease of 
crime were unsuccessful, and produced no satisfactory result; in fact, they did not 
lead to the discovery of any condition or circumstance of life which was peculiar to 
one district more than another ; but as soon as the educational test is introduced, it 
immediately analyses groups and districts, which before showed the most contradictory 
results, into a uniform and regular series. It is thus evident, that so far as the test 
now applied is available, more conclusive evidence could not be haped for of the 
influence of education on the diminution of crime. 

This test, however, having been derived from a source partly independent of the 
criminals themselves, has led to a similar analysis of an educational test derived from 
the criminal population. The Home-office returns show for each year the number of 
criminals who can neither read nor write, who can read and write imperfectly, who 
can read and write well, and who have a superior education. During the years 
1842-44, there were of the male sex in England and Wales,— 

21,779 or 31°3 per cent., of all the criminals, who could neither read nor write. 

41,620 or 59°8 ner cent., who could read and write imperfectly. 

5,909 or 85 per cent., who could read and write well, and 
308 or 0-4 per cent., of superior education. 


69,616 
1,924 whose instruction was not ascertained. 
71,540 
It is thus curious to observe that, while the proportion of male criminals who could 
neither read nor write was 31-3 per cent., the ratio of males unable to sign their 
marriage registers was nearly 33 per cent.; and it might hence be inferred that, from 
the small difference in those two ratios, education could have no very important 
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effect in either decreasing or augmenting the number of criminals; but it should be 
borne in mind that although 33 per cent. is the average for all England and Wales, 
there are some districts in which the proportion is as low as 12 and 14 per cent., and 
others in which it is as high as 50 and 51 per cent. for the male sex; but as it has 
also been hitherto shown that no reliance can be placed on the mere gross or the 
average results so given, it is imperatively necessary to separate the whole into groups 
in which the influence of wealth, manufactures, and agriculture is common ; in fact, 
into groups differing in respect of education only, so as to furnish a proper argument 
for or against the influence which education, under the present test, may have on 
the amount of crime. An analysis on this basis was made of all the counties in 
England and Wales, and a series of tables presented containing the results arrived at, 
from which it appeared that—taking parallel groups of counties in which the amount 
of crime is from 0—15 per cent. above and below the average of the whole kingdom, 
15-30 per cent. and 30 per cent. and upwards above and below the average,—the 
difference of criminals unable to either read or write was respectively 6°9 per cent., 
2-2 per cent., and 3'3 per cent. greater in the counties having an excess of crime. 
On the other hand, the proportion who can read and write imperfectly show a cor- 
responding increase in favour of the groups with a low average of crime, the differ- 
ences being 3°7 per cent., 7°7 per cent., and 5°2 per cent. respectively. 


ee . ie Above the Below the 
For the total of the counties in which crime is ........ eee averace, average. 
28°0 


The per-centage who can neither read nor write IB sssseseey a 4°4 per cent. 
The per-centage that can read and write imperfectly is ... oor 56 per 88 
Thus far it would seem that the evidence furnished by criminals themselves would 
o to show that even the small amount of instruction thus recognised has a material 
influence in the development of crime. Were the investigation carried no further, 
we should be forced to conclude that since the most criminal districts show a higher 
ratio of untnstructed persons among the criminal population, and the least criminal 
districts a lesa proportion, who are wholly destitute of the rudest elements of educa- 
tion,-an immediate inference is, that even this small degree of instruction tends 
to the repression of crime, Unless, however, the analysis were carried beyond its 
present limits, it may he objected, as in the former paper, that the peculiar results 
produced may arise from some other cause than education, and that differences 
of manufactures, of agriculture, of wealth, or of position in the social scale of society, 
existing in combination with the degree of crime already noticed, may be the real 
and active agent in producing the peculiar results attributed to education. In order 
to see how far the facts of the case would support this view of the question, an ela- 
borate series of tables giving the results of a more refined analysis was presented, of 
which the following is a brief extract :— 


Ratio of Criminals in the sections of 
Inferior degree of 


education in the 
general community. 


Groups of Counties. £13 
Hale 
i ! a3 : 
stan] 
Greatest agricultural ........ bane 38°11 56-3 15 29°5 64-1 58 5 


Manufacturing interest, 333 
per cent. above the average 
Manufacturing and agricultu- 
ral interests nearly equal... 
Where persons unable to write 
their names is 33) per cent. 
above, and 25 percent. below, 
the BVETAZE 22... .ccsserees es 
Total of the kingdom ............ 32°8/57°1] 7°7| °6| 1°8]| 291) 60°8) 7°7 


31:9) 58:0} 9-1 27:2} 60°8| 11°8 


39°6| 54°56) 5°7 1:4) 30°7) 61:4) 7°4 


36°9) 57:2) 5:5 1-9}| 29-2) 59-6} 10°8 
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From the preceding abstract, it will be seen that in all the combinations or groups 
there is a marked difference in favour of education, or, in other words, there is coa- 
stantly an increased ratio of uninstructed criminals in those sections where crime is 
above the average, and also a reduced ratio of uninstructed criminals where crime is 
below the average. In the greatest agricultural group it will appear, that in the section 
in which there is an inferior degree of education in the general public, and also an 
increased rate of crime, as shown in the preceding abstract, there will, at the same 
time, be found an increased ratio of uninstructed criminals when compared with the 
parallel section of the same group, the difference being 8°6 per cent. Again, take 
the two sections of that group in which the manufacturing and agricultural interests 
are nearly equal, and it will be found that in the section of least crime there is 89 
per cent. less of uninstructed criminals. Also, take the two sections of that groap 
representing those districts of the country in which the persons marrying and unable 
to sign their names exceeds the average by 333 per cent., and is less than the average 
by 25 per cent., and it will be found that the former section shows an increase of 
crime of about 44 per cent. above the latter, and at the same time an increase of 7-7 
per cent. of uninstructed criminals. In this instance, as well as in the other groups 
represented in the preceding abstract, a remarkable combination of features 1s pre- 
sented. The districts of the country in which the general population is worst educated, 
the districts in which the greatest amount of crime prevails, and the districts in which 
there is the largest proportion of uninstructed criminals, constantly assimilated ; 
while on the parallel sections of the same groups, will be found those districts of the 
country which are the best educated, the least criminal, and in which a less propor- 
tion is found of uninstructed criminals, invariably combining. The agreement, there- 
fore, of those very different tests may be held conclusive, and to establish as a fact 
that the mere mechanical processes even of education or instruction carry with them 
always a powerful protection against crime. As already stated, education in its 
higher sense must of necessity dissever itself from crime, and this eminent degree 
of education will long be impossible of attainment to the whole population of apy 
country; but there seem to be no insuperable difficulties in the way of imparting to 
the bulk of a community something above the mere elements of reading and writing, 
at least ; and in this limited sense it has evidently a powerful check on crime, and a 
most efficient means of subduing the evil passions of the people. 

The next portion of Mr. Neison’s paper is devoted to an examination of the in- 
fluence of education on specific forms of crime, according to the classification givea 
in the Home-office returns. 

This branch of the subject is considered by him under the following heads:— 

1. Offences against the person. 

2. Offences against property committed with violence. 

3. Offences against property committed without violence. 
4. Malicious offences against property. 

5. Forgery and other offences against the currency. And, 
6. Miscellaneous offences. 

The form or shape into which the facts were now thrown, was done with a view 
to determine, if possible, whether there was any, and what, difference in the educa- 
tion of criminals committed for various classes of offences; and a table, from which 
are abstracted the following facts, showed that the proportion of criminals who could 
neither read nor write was highest in class 4, but least in class 5, being nearly 35 per 
cent. in the former, and about 24 per cent. in the latter. Again, the ratio of those 
who could read and write well was least in class 2, being 9°5 per cent., and highest 
in class 5. Those also of superior instruction were likewise lowest aud highest in 
the same two classes, being 0°23 per cent. in class 2, and 2°25 per cent. in class 5. 

The preceding results were for the male sex, and they were found to be in some 
instances exactly reversed for the female sex, as the entire of those who can neither 
read nor write was lowest for class 4, being 31:82 per cent., and highest for class 5, 
being 47°34 per cent. During the four years 1836-39, it appears that not a single 
instance occurred in the whole of England and Wales of a female being returned m 
class 4 as able to read and write well, or possessing a superior education ; so also 
in classes 2 and 5, not a single instance occurred in the whole of those four years of a 
female having been committed possessing superior instruction. Tables were pre- 
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sented showing the relative degree of education among male and female criminals, by 
which it was found that while a higher ratio of females were able to read and write 
imperfectly, there was a greater proportion of them who could not read nor write at 
all; and while 5°12 per cent. of the females could read and write well, there was 
11°33 per cent. of the males equally instructed. It appears anomalous if education be 
held to have so powerful an influence in repressing crime, and females being less 
educated than males, that the amount of crime is not also greater among the female 
sex: this argument would be found based on a very narrow and limited view of 
the question. The application of the mere test of education itself will not always 
be sufficient to determine the relative amount of crime. Before applying this or 
any other test, it is necessary, in order to witness its full effect, that the two groups 
compared should be similar in all other conditions, social and otherwise, and simply 
differ in regard to the one element, the force of which it is proposed to measure. 
Among the various elements influencing crime, sex has formerly been shown to be 
& most important one, on the aggregate of ages the tendency to crime in the male 
sex being to that in the female sex as ‘2978 is to ‘0633, in fact, nearly five times 
greater in the male sex. It is not enough to take into view simply the mental and 
moral conditions of the mind itself, but those conditions in relation to the external 
circumstances and state of society. Sufficient evidence was brought forward in the 
former paper to prove that while education remains unaltered or constant in the 
country, crime may be fluctuating or gradually increasing or decreasing under the 
influence of the altered external circumstances with which man is surrounded, and in 
like manner may education increase and become more general, as appears to have 
been the case from the facts disclosed by the registers of marriage, which show that 
the proportion of males unable to sign their names has gradually changed from 33°7 
per cent. in 1839, to 32°4 per cent. in 1844, while during the same years the propor- 
tion of male criminals who could neither read nor write has decreased from 33°53 
percent, to 29°77 per cent.; and all this time crime may also have increased ; but, 
still it will remain a fact that education counteracts the tendency to crime, so long 
as the returns show that, everything else being the same, crime is at a minimum 
where education is at a maximum, and that where education is least, crime is highest. 

The concluding portion of Mr. Neison’s paper entered into an examination of the 
relative tendency at various ages to specific forms of crime. In the paper read at 
the meeting in 1846, the tendency to crime in its aggregate form, at various terms of 
life, was shown to follow a very remarkable law. “From the age of 20 it was found 
that the tendency to crime in the male sex decreases at the rate of 33'333 per cent. 
for each term of life recognised in the tables presented ; and in the female sex the 
decreasing tendency is at the rate of 25 per cent., but as then anticipated, it will now 
be seen that the element of age becomes of still more importance in the investigation, 
when considering specific forms of crime. The results thus obtained were set forth 
in a series of tables, of which the following are striking examples. Comparing the 
tendency to crime of different forms at ages 16-21, with the ensuing term of life, 
the following results appear :— 


In Class 1, of offences against the person— 


16-21 eeveceses oseees—— 05622 
21—30......000. eoeee — 06800 


Diff. = -01178 or + 20:95 per cent. 
In Class 2, offences against property, with violence— 
1B—2) ......ceseenees = ‘07613 
BI —3O....ceccevceece = °04643 
Diff. = -02970 or — 39-01 per cent. 


In Class 3, offences against property, without violence— 


16—21 ....000 Ceeseve — °59929 
21—30..... etoceeonece — *39109 


Diff. = -20820 or — 34:89 per cent. 
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In Class 4, malicious offences against property— 


. Dif. = -00034 or — 7°94 per cent. 
In Class 5, forgery and other offences against the currency— 


1G 21 .. cccvvccnesc0e2t 01208 
Qa BO, corccccces cecum 01114 


Diff. = °00094 or — 7°77 per cent. 


It is therefore obvious that the tendency to crime at different ages is not the 
_same in each class or form of crime, and that its relative intensity in various classes 
at given ages is also different. For while in the latter of the above terms of life there 
is an increasing tendency in class | of 20°95 per cent. above that of the preceding 
term of life, in all the other classes there is a less tendency to crime at the superior 
time of life, varying from 39°01 per cent. in class 2 to 7°77 per cent. in class 5. At 
other like differences are to be found. 

The importance to criminal jurisprudence of a solution of this problem must be 
evident. No preventive measures can be safely adopted till the knowledge exists of 
the particular tendencies to certain propensities and forms of crime at different ages; 
but with this knowledge the chances of success in averting crime must be greater, 2 

@ the means are furnished of knowing in what particular sections of the people the 
strongest tendency exists to specific forms of crime. 

On reflection, we shall now rercelve with still greater force than formerly the neces- 
sity which exists for a very refined analysis being followed in investigations on crime 
before drawing any conclusions. The importance of determining the rate of crime 
at the different terms of life has already been shown, In order to determine the rela 
tive amount of crime in different districts, as well as to understand whether crime be 
on the increase or decrease. It also appears equally important to determine the ten- 
dency at the respective ages to the specific forms of crime, otherwise the perturbations 
of which the various classes are susceptible may vitiate conclusions based on any 
evidence resting on mere general averages. 

During the years 1834-39, it was found that the tendency to crime was not 30 great 
at 20 years of age and upwards, as during the years 1842-44, but at the inferior 
crime was higher in the remote years than during the more recent period. The fol- 
lowing abstract will sufficiently illustrate this :-— 


Ratio per cent. of 
criminals in the years Excem per cent. of 


Ages. erime in 1649-44 
1842-44. | 1834-39. | sbove 163429. 
15 to 20 .........00. "6841 7839 — 14°588 
20 — 30 ...cce.eceee "6952 5566 +-19°937 
30 — 40 o........e ee 3794 2928 +-22°825 
40 — 50 ............ *2504 1725 +31°110 
50 — 60 ............ "1694 1202 . +-29°044 
60 and upwards...) ‘0813 0525 +-35°424 


It is thus seen, that from 20 years of age and upwards there has been an excess of 
crime in the period 1842—44 over that of 1834-39, varying at the different ages from 
20 to 35 per cent., and in the former paper it was shown that the tendency to crime 
in the intermediate period of years 1840-4], was something like a mean between 
the results given in the preceding abstract, and therefore pointing to a gradual in- 
crease in the criminal calendar of the country within these periods. One feature in 
this abstract is deserving of particular attention, the fact that during the recent pe- 
riods there has been an increased tendency to crime at ages £0 and upwards, while 
at the period of life 15 to 20 there has been a decrease of crime to the extent of 
14°88 per cent. This is contrary to the popular opinion held on the subject. But 
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the former paper also showed that all the facts of the case went to prove that there 
was no increase of juvenile crime, and that if any change or movement be found in 
the state of crime of any particular district, that change will be discovered to have 
been promoted, not so much by fluctuations at the terms of life, 10-15, and 15-20, 
as by the increase or decrease among persons of more advanced ages. It is hence 
evident that over a period of eleven years, ending December 1844, instead of there 
having been an increase, there has been a positive decrease of crime at the younger 
ages. 


Prices of the Cerealia and other Edibles of India and England compared. 
By Lieut.-Colonel Syxes, V.P.R.S. 


The author’s chief object in this paper was to show that India in cases of dearth in 
England could be looked to with confidence for a supply of bread stuffs ; and India 
having the advantage of its principal crops ripening in January and February, the 
moment a failure of the crop should be known in England in August, orders for sup- 

lies from the following January crops of India could be sent; and the supplies landed 
tn England, even by the route of the Cape of Good Hope, two or three months before 
the ripening of the crops in England. Colonel Sykes furnished averaged prices for 
years, from various parts of India; but he enumerates very many grains, cheap, nu- 
tritive, and in general consumption, which do not appear in the price lists, and whose 
names even are unknown in Europe, excepting to the learned. The first price list 
gives an average from 1827 to 1845 at seven markets in the Deccan under the Bom- 
bay Presidency. The ultimate result is shown in the following table :— 


Now these 100Ibs. weight of Jowaree for two shillings are sufficient for the sup- 

rt of a man for two months at the least. But in 1828 and 1843, at the market of 

ullus, the average price of Jowaree was 204lbs. for two shillings, or more than 
2lbs. for a farthing ; so that in those years a man could live for less than a farthing 
per diem for meal. Colonel Sykes gives various other tables of prices at 53 military 
stations in Bengal, some for Goojrat, &c., particularly one from the Saugor and Ner- 
buddsh territories, from 1831 to 1840 and from 1843 to 1846. In 1843 wheat sold 
at 167lbs. avoirdupois for two shillings, and at seven markets enumereted the price 
per quarter English varied only from five shillings and sixpence to seven shillings and 
sixpence three farthings. 

The Bengal tables, independently of the bread stuffs, give the prices of beef, mutton, 
fowls, salt, sugar, &c. From these it appeared that at some places a bullock could 
be bought for ten shillings, a sheep for one shilling, and twenty fowls for two shillings ; 
salt varied exceedingly in price from 53lbs. for two shillings at Calcutta to 49}lbs. at 
Cuttack; the averages being 20lbs. 902. for two shillings. The government sold the 
monopoly salt at from 204|bs. to 25lbs. for two shillings; and a curious fact was elicited 
from the tables, that out of the limits of Bengal proper and beyond Allahabad the 
retail price of salt was lower than the wholesale government price; the wholesale 
price of Cuttack salt being 20}1bs., and the retail price out of Bengal proper 234, 
showing that there are sources of supply independent of the government monopoly 
salt. At a labourer’s wages of six shillings per mensem, a third of a month’s wages 
would supply him with a sufficiency of salt at the different stations, varying from 
three months in Calcutta to thirty-five months at Kheer in the Deccan, and forty- 
five months in Bombay. The following table exhibits the final results :— 
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Revenue Statistics of the Agra Government, or North-West Provinces of 
Bengal, By Lieut.-Colonel Syvxes, V.P.#.S. 


The whole of the territory comprising the Agra’s government having been regular! 
surveyed and measured, and the cultivated lands being distinguished from the uncul- 
tivated, and the latter from waste and barren lands, a satisfactory basis is afforded for 
the statistical data given. The area is 51,861 square miles, comprising 43,937,062 
statute acres, of which 22,340,824 are cultivated; 10,528,658 culturable, but not 
cultivated ; 1,167,610 free lands, and 8,983,373 barren, together with 916,397 acres 
undistinguished whether free or barren. The government is divided into six Pro- 
vinces, Delhi, Meerut, Robilcund, Agra, Allahabad, and Benares ; and each of these, 
except Benares, is divided into five districts, Benares having six. There are 79,033 
towns and villages ; and the assessment upon the cultivated land, constituting the 
land tax for 1846-47, was 4,039,152 rupees, averaging therefore one rupee, twelve 
annas, and eleven pie the statute acre, or three shillings and sevenpence halfpenny 
per statute acre; and this tax is upon Jands which produce those remunerative re- 
turns, sugar, indigo, cotton, condiments, &c. &c. The average maximum in any 
district is only five shillings and sixpence per acre, and a rate of four shillings per 
acre or above that amount only obtains in fourteen out of the thirty-one districts of 
the Agra government. The minimum average land-tax is fifteen pence per acre in the 
Hurrianah district. Colonel Sykes gives the proportions of the land in some districts 
devoted to sugar, cotton and other crops, and from these facts and other elaborate 
evidence, demonstrates the utter fallacy of the asserted oppressive nature of the 
Indian Jand-tax; admitting, at the same time, that there may be local exceptions. 

The population of the Agra government is stated to be 19,733,742, giving 380} 
souls to the square mile; the average maximum (setting aside the cities) being 
599-6, and the minimum 98°4 to the square mile. In the return which Colonel 
Sykes makes use of, the sexes are not distinguished, and in twelve districts only is the 
population separated into Hindoo and Mahomedan, agricultural and non-agricultural, 

he Hindoos would appear to have the largest proportion of agriculturists in the 
ratio of 4,051,484 to 2,148,472 non-agriculturists. The Mahomedans, on the con- 
trary, have only 507,295 souls engaged in agriculture to 746,826 not so engaged. Jt 
has been usual to consider the proportion of Hindoos to Mahomedans in India as 
15 to1; but in the above twelve districts the Hindoos being 6,199,956 and the 
Mahowedans 1,254,]21, the proportion is about 6 to 1. 


On the Influence of Education, shown by facts recorded in the Criminal 
ables for 1845 and 186. By G. R. Porter, F.R.S. 


The object of the author was to show the beneficial influence of education in less- 
ening the amount of those crimes for the commission of which men are brought before 
the bar of justice. He showed from official records, extending over a period of 
eleven years, 1836 to 1846, that while the yearly average number of persons who 
were charged with offences in England and Wales was 25,812, viz. 20,969 males, 
4843 females, the yearly average number among them who had received any in- 
straction beyond reading and writing was only 106, viz. 102 males, 4 females, or only 
41 in 10,000 accused, and that, on the average, more than one-half of the 52 counties 
failed in each year to furnish any educated criminal, while 7 counties failed during 
the whole period to furnish any cause of accusation against educated persons. During 
the two years 1845 and 1846 that were submitted to a more minute examination, it 
was shown, that in 1845, among 24,303 accusations, only 89 were against educated 
persons, and that in 1846 the whole number accused being 25,107, only 85 among 
them were of the educated class, being in the proportion of 37 in 10,000 in 1845, 
and 34 in that number in 1846. The number of educated persons convicted was 45 
in 1845, and 48 in 1846, only one female in each of the years being found in the list. 
It was also shown that educated persons form no part of our youthful offenders, not 
one under 15 years being found in either of the two years, and only 6 between 15 
and 20 years. During seven years the proportion of educated females to the whole 
number of that sex accused of offences was 1 to 2029, and the average yearly pro- 
portion to the whole female population 1 to 3,162,453. On the average, only 1 in 
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17 of the 52 counties furnished yearly during 11 years any charge against an educsted 
female. This small proportion of educated female offenders was attributed in great 
part to the circumstance that such persons are generally either of independent means, 
or supported by natural guardians, or maintained by the labour of their husbands, 
and are thus removed in a great degree from the temptations that assail uneducated 
females. It further appeared, from an examination of the records for 1845 and 1846, 
that the crimes perpetrated by educated persons were not of a heinous character, 
one half of them being subjected to punishments of various degrees, the heaviest of 
which was imprisonment for six months. In Svotland the proportion of educated 
criminals is greater than in England, being 178 in 10,000 accused, but neither are 
any of them found under 15 years of age. The larger proportion of educated crimi- 
nals in Scotland is attributed, in part, to the more general spread of education, 
whereby the instructed are placed, as regards their means of finding honest employ- 
ment, in 8 less favourable position than the educated in England. A much larger 
proportion of offences in Scotland than in England is classed under the head of crimes 
committed with violence, and this greater proportion is seen among the educated 
equally with the uneducated. Its occurrence is attributed to the proportionately 
larger consumption of intoxicating liquors in Scotland, as shown by Excise returns. 
avourable as the results thus shown are to the effects of education, they are not 
more so than might reasonably be expected. In Nova Scotia ample provision is made 
for the education of every child born in the province, one fifteenth part of the public 
revenue being every year set apart for that purpose, in addition to still larger pri 
contributions. The result is that although jails have been built in each county of 
the province, and the law provides for the appointment of jailers, the buildings are 
untenanted, and it has not hitherto been fuund necessary to fill up any of the appoint- 
ments! People thus educated are enabled to adapt themselves to circumstances, 
and to provide for their honest subsistence when uninstructed pereons would be un- 
able to do so. They are also brought to a juster appreciation of the consequences 
of their actions, and to see the truth of the axiom, that in even a worldly point of 
view, “honesty is the best policy.” If one honest course be closed against the « 
cated man, he can open for himself another, end is led to exert himself to that end 
by the conviction that he has little to gain but everything to lose by swerving from 
the path of virtue. The man whose mind has not been opened, is, on the contrary, 
cast down by the first serious disappointment that overtakes him ; under the pressure 
of some immediate want, he unhappily loses sight of the interests of the future, and 
too often yields himself, in the hopelessness of his inability, to the first temptation 
that besets his path. 


The Resources of the Irish Sea Fisheries. By Ricnarp Vatpy. 


Of all the resources of Ireland few perhaps are more capable of affording an ex- 
tensive and speedy relief, during the present season of great. scarcity and want, than 
the sea fisheries. In such industry no delay occars in the return for the capital and 
skill applied, and the yield is almost miraculous. 

The general length of the Irish coast amounts to 2346 statute miles, and on all 
parts of it the pursuit of fishing would afford employment to a very large number of 
persons, and the supply of an excellent description of food to numbers still more ex- 
tensive. All the various kinds of fish in general use surround the island in great 
abundance; cod, ling, haddock, hake, mackerel, herrings, whiting, conger, torbot, 
brill, bream, soles, plaice, dories and salmun are those most frequently met with; 
but several other sorts are by no means uncommon, such as gurnet, poltoch, skate, 
giasser, sprats, &c. Besides the large supply of fish in the immediate neighbourhood 
of the shores, very prolific fishing-grounds of considerable extent are to be met with 
at various ahort distances from the coast, but tothe misfortune of Ireland these deep 
sea-fisheries are turned to little or no advantage, as the boats in use are, generally 
speaking, not large enough to enable the fishermen to venture out so far. The value 
of the Irish fisheries appears to have been known at an early period to foreign nations, 
and their fishermen were accustomed to approach the island for the purpose of fish- 
ing on ground superior to any near their own countries. It would be difficult to 
name the cause for the great neglect of this valuable branch of Irish industry. Pe- 
cuniary encouragement by government, so much advocated and relied on by some 
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persons, has not been spared on the Irish fisheries. Large bounties were paid both 
before and after the Union on the tonnage employed in the fisheries, on the fish 
cured, and on the fish exported. £276,784 were so expended during the thirty years 
from 1800 to 1830, being £9200 a year on an average. These bounties not only 
failed to establish the fisheries on a permanent footing, but were, as might be ex- 
pected, open to great fraud, and many of the herrings exported as Irish produce, only 
deserved that character from occupying an Irish barre! instead of a Swedish one. 

The earliest record that we have been able to meet with of the number of persons 
employed in the fisheries is given by Wakefield, who, in 1812, states their number 
to be 9911 men. The next return is in 1821, when the Fishery Board reported the 
number of fishermen tq be 36,159. Jn 1829 their numbers had increased to 64,77) ; 
but by 1836 they had decreased to 54,119. The following were the number of men 
and boys employed in each year from 1843 to 1846 :— 


, 1843 ciccccccceseeee 73,979 
1844 ..seceese seeee 84,708 
1845. cccscccsesecees 93,073 
1846 ...ccesceseeees 98,538 


With respect to these returns it is to be remembered that bounties were in force 
up to the end of the year 1829, and the decrease exhibited in 1836 is to be attributed 
to their cessation. The increase after 1836 proves however that the abolition of the 
system of bounties did not long interfere with the progress of the fisheries. There 
is however every reason to be quite certain that the large increase in 1846 over 1845 
cannot be borne out, and that a considerable decrease took place in 1846, as a natural 
result in the late lamentable mortality and an unusually large emigration. The fol- 
lowing returns of the number of boats engaged in the fisheries will show bow large 
a proportion of the employment must be carried on along the shores :— 


let Clase, 
with fixed masts. 


and Class, 
all other kinds. 


4,889 
1829 9,522 
1836 7,864 
1843 14,048 
1844 15,718 
1845 17,512 


11,793 


The want of small piers and harbours of refuge has been a great impediment to 
the employment of a better class of boats, but these necessary accommodations 
have been much increased of late, and ure now likely to receive still further attention 
in consequence of recent parliamentary grants for such purposes. 

The chief occupation of the fishermen at present appears to be the white fishery, 
for taking such fish as cod, ling, hake, haddock, &c. The cod caught on the south. 
ern coast are said to be preferable to those caught in the American seas, and as they 
abound on the banks off the coast, the principal English markets might receive from 
Ireland a much better description of fish and in a much better condition than that 
with which they are now supplied. It has been proved that fast-sailing well-boats, 
favoured with the westerly winds which so much prevail on the coast of Ireland, 
might, in fine weather, carry fish from the Nymph bank off the coasts of Waterford 
and Wexford to London in three or four days, whereas the well-boats from the North 
Sea, and the north-east coast of Scotland, sometimes reach Gravesend with difficulty 
in as many weeks, with the fish so much bruised and injured by the agitation of the 
sea as to be hardly fit for sale. A company was formed in Waterford in 1802, for 
prosecuting the Nymph- bank fishery, but owing to the mismanagement of the di- 
rectors it soon failed, although, when, under the direction of a single individual, 
two boats, previously employed by the Company, fished in that locality with great 


112 REPORT—1847. 


success. We are not without hope that the deep-sea fishery on the southern coast 
may soon become of some importance, as in 1844 the Fishery Commissioners re- 
ported that at Dunmore near Waterford, the deep-sea fleet comprised twelve very 
fine cutters, averaging a weekly produce throughout the year of nearly £100. On 
the average of three years the returns to one company had exceeded 15 per cent. on 
the capital invested. 

Towards the close of the last century the herring fishery of Ireland was of con- 
siderable importance, but since that period it has materially declined. At that time 
the herrings appear to have come closer to the shores than they do at present, and 
the inability and disinclination also perhaps of the fishermen to follow the herrings 
to sea, may be looked upon as the principal cause of the failure of the fishery. The 
superior qualities of the Irish herring have been frequently noticed. They are thus 
mentioned in evidence before commissioners in 1836 :—County Down. The herrings 
are of a large fine species. County Donegal. The Irish herrings are much better 
in quality, and bring higher prices in the Scotch markets than the herrings caught 
in Scotland; and in many other parts of the evidence similar testimony is given. 

The English boats from Penzance appear to take advantage of the summer herring 
fishery in the Irish Channel. It is stated that about 100 boats from Penzance are 
at Ardglass, on the north-east coast, every season, and remain about three months. 
Large quantities of herrings are purchased from the Englishmen engaged in the 
fishery, at 4s. a hundred, and are resold in Liverpool at 6s. to 12s. a hundred. In 
1846 a fish factor in Liverpool stated that his sales of Irish herrings, from the 2ist 
of June to the lst of October 1835, amounted to £12,237, and another fish factor 
was doing a similar amount of business at the same period. 

The salmon fisheries of Ireland were, previous to the passing of the present fishery 
laws, in a very neglected state, and the Commissioners, in their report on those fish- 
eries in 1844, remark, that they never did up to that time, nor do they even now as 
a whole, yield more than a small proportionate part of that value of which they are 
capable under a proper system. In the report of 1844 no fewer than fifty-six rivers 
are enumerated as localities where salmon are taken. 

The following are the principal fisheries with the probable present gross produce 
of fish :— 


Rivers. PrRoDUvUCE. 
Foyle ....csscscssceceee about 80,000 salmon. 
Bank ........cssceeeees 51 tons, average of 6 years. 
Brest ....ccccececvscees 10} tons, average of 4 years. 
Ballycroy  ......000.4. 24 tons, in 1844. 
Ballinahinch ......... 23 tons, about. 
Barrow 
Nore } sevesecssese BDOUt £17,000 or £18,000. 
Suir 
The following quantities of salmon were exported by one firm from Cork :— 
1842 .....00- erences 483,463 Ibs. 
1843 ....... ceccee oe 363,199 
1844 ...ccceccecsece 303,027 ... 


and several other parties at Cork are reported to have exported as much as the above. 

In 1844, 151,646 lbs. of salmon were exported from Waterford. 

Besides the fish already specified, the Irish coast can boast of turbot, soles and 
other flat fish of the finest description. Lobsters are also plentiful on many parts 
of the coast, and the oyster-beds are capable of great improvement and extension. 

The following evidence is extracted from that taken in 1836 :— 

County Down.——Turbot are so abundant in Dundrum Bay, that they are speared 

close to the dry strand. 

County Galway.—Turbot of from 14 lbs. to 20 Ibs. are sold at from 8d. to 1s. each. 

County Kerry.—There is a most excellent turbot bank near the Blachets ; twenty- 

five to twenty-eight fine large turbots have been caught by the coast-guard officer 
with a small spillard in one tide, some of them weighing from 20 lbs. to 30 Ibs. 

Soles are thus spoken of on the coast of Kerry. Black soles, the finest in the 
world, are sold to the Jolters at from 13d. to 4d, the pair. 
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Frequent evidence of the abundance of lobsters is produced, and the fishery for 
them might be rendered a valuable source of wealth and employment to the people. 

In addition to the want of adequate and convenient shelter for the boats, the 
absence of efficient means for curing the fish has also been a great impediment to the 
development of the fisheries, and to adequate advantage being taken by the people of 
the supply of food from that source. 

Government has lately granted considerable sums towards the first object, and 
they have also erected model curing establishments on different parts of the coast ; 
but for improvement in the skill and exertions of the fishermen themselves, we must 
look to the well-directed efforts of persons possessing local influence and knowledge, 
who in many instances doubtless have it in their power materially to assist the in- 
habitants of the coast in procuring efficient boats and gear, and to induce them to 
pursue the occupation of fishing with energy and industry. 


ETHNOLOGY. 
On the Origin of the Gallas. By C. T. Bexe, PA.D., F.R.G.S. 


In the annals of Abessinia it is recorded, that towards the beginning of the six- 
teenth century that country was invaded by numerous hordes of a wild and warlike 
people. The year 1537 is mentioned as the precise date of their firat appearance in 
the kingdom of Bali, the south-easternmost province of the empire*. In Abessinia 
and the neighbouring countries, these people are called Gallas ; and by this name they 
are also known to Europeans, 

As regards the signification of the name Galla, the Jesuit historian Father Bal- 
thezar Tellez} derives it from the Hebrew 95h, and the Greek ydAa, milk, because 

~fT 

(he says) they were originally a white people, namely a colony of the Israelites, who 
after the eaptivity and dispersion settled in Eastern Africa between the Indian ocean 
and B4li. In Shoa the name is said to be taken from the river Gdéla in Gurdgie, a 
province in the south-west of Shoa, on the banks of which river a great battle is said 
to have been fought between them and the Abessinians. M.d’Abbadie relatest that 
the Abessinian Moslems give the following quaint etymology of the name. When 
summoned by Mohammed’s messenger to adopt Islam, the first chief of the Galla 


nation said no—in Arabic ¥ J 3 kdl (or gal) lé. The prophet answered, ‘“‘ Then let 


their very name imply their denial of the faith.” But these fanciful attempts to ex- 
plain the name are not entitled to much consideration. M. Tutschek, in his ‘ Galla 
Dictionary,’ gives the verb gala as meaning ‘‘ to go home,” “‘ to seek one’s home ;”” 
and he derives from this word the name by which these people are generally known. 
Still I am not sure of its being an ascertained fact that ‘‘Galla” is really a native de- 
signation. TheGallas themselves usually adopt the proud title of I/m’ Orma, “the sons 
of men;"’ and they call their language Afan Orma, “the mouth (speech) of men.” 
At the time of the first inroads of the Gallas into Abessinia, that once-powerful 
empire had been sensibly weakened by the invasion of Ahmed Grah (Mohammed 
Granhe), the celebrated Mohammedan king of Adel. Hence it could offer but a 
slight resistance to the new invaders, who soon acquired a firm footing in the country, 
Since then the history of Abessinia has consisted of little more than the record of a 
succession of conflicts between the natives and the Gallas, in which the latter, though 
repulsed at times, have gone on advancing and appropriating to themselves the fairest 
portions of theempire. At the present day, the provinces of Enérea, Damot, Gédjam, 
Shoa, A’ngot, Amhéra and Biégamider (not to mention minor districts), are all 


* Ludolf, Hist. Zthiop. lib. 1. cap. xv. Bruce, Travels (2nd edit.), vol. iii. p. 287 et seq. 

fT Hist. de Ethiopia a Alta, lib. i. cap. xxiii. p. 60. 

t Atheneum, No. 731, of Oct. 31, 1841. The same relation is also given, and almost verbatim, 
in Harris’s Highlands of Zthiopia (2nd edit.), vol. iii. p.45; but without any authority being 
stated. 
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occupied by the descendants of the invaders. Even the government of the empire of 
the alleged descendants of king Solomon and the queen of Sheba, has become here- 
ditary in the family of Ras Giksa, a Yedju Galla, whose grandson, Ras ’Ali, rules at 
the present day in the name (and scarcely in the name) of the titular emperor, who 
is a mere puppet in the hands of his powerful representative. ; 

In the year 1624, that is to say, nearly a century after the first appearance of the 
Gallas in the south of Abessinia, Father Jerome Lobo met with tribes of this nation 
at Jubo, on the eastern coast of Africa, almost under the line* ; and at that time these 
tribes had conquered and held possession of Melindah, situate about three d 
further to the south. From the recent explorations and researches of Dr. Krapt we 
learn that vast tribes of nomadic heathen Gallas, in numbers estimated (but probably 
over-estimated) by him at from eight to ten millions, are spread over the entire coast 
from the equator as far as the fourth parallel of south latitude, and that they extend 
into the interior, where more powerful tribes of the nation reside on whom those of 
the coast are dependent, as far as a journey of thirty or forty days of a caravan—pro- 
bably about 300 to 350 miles t. 

A nation which is thus found to occupy, even if not exclusively, regions extending 
over sixteen degrees of latitude (about 1000 miles), must naturally be deserving of 
the consideration of scholars in numerous points of view. Yet little is known of the 
Gallas except their language, and even with this we have become acquainted only 
during the last few years through the labours of Dr. Krapf and Dr. Tutschek. Of 
their origin and history we know really nothing positive. And unfortunately the 
only sources whence we may hope to derive information on these subjects are the na- 
tive and Abessinian traditions. 

The earliest Abessinian tradition is that recorded by the learned Job Ludolf?, on 
the authority of Abba Gregorius, the intelligent native who was of so much service to 
him in the preparation of his standard works on the history and literature of Abessi- 
nia. According to Gregorius, the Gallas are the descendants of a number of slaves of 
8 certain nobleman of Abessinia named Mattheus, who being harshly treated by their 
master, fled into the districts to the south of that country, where they were joined by 
many other fugitives and persons of bad character, till they at length acquired suffi- 
cient strength to invade Abessinia. 

Abba Gregorius was a native of Shoa, and in that country the legend, which in 
his time (the end of the seventeenth century) existed in the form stated above, appears 
to have been since then developed with much more particularity. From Dr. Krapf 
we learn§ that the ancestress of the Gallas is said to have been a w6lzoro (princess) 
of the imperial family of Ethfopia, at the time when the court resided on Mount 
Entéto in the neighbourhood of Gurdgie||. This princess was given in marriage to 
a slave from the south of Gurdgie, by whom she had seven sons. The sons adopted 
their father’s language and customs, and followed his occupation, which was that of 
a herdsman. Three of them were named Tiloma, Karéiyu and Mécha (Maitsha), 
from whom are descended the tribes of those names. These sons of the princess, 
when they attained to manhood, became great robbers; and having gathered many - 
people to them, they at length found themselves powerful enough to attack the Abes- 
sinians, whom they frequently vanquished, and especially, on the occasion already 
adverted to, near the river Gala in Gurdégie. These particulars Dr. Krapf informs us 
are written in a small treatise of which he has succeeded in obtaining a copy. 

On these traditions of Shoa it may be observed, that as the Galla tribes were 
upwards of two centuries ago, not less than they are at the present day, spread in 
vast numbers over countries extending at least three degrees to the south of the 
equator, it seems hardly likely that their original seat should have been any where near 
the confines of Abessinia, the southern limit of which empire, even in its most pros 
perous times, cannot be placed further south than about the eighth, or perhaps the 


* A Voyage to Abyssinia (I.ondon, 1735), p. 9 ef seg. 

+ Zeitschrift der Deutschen morgenlindischen Gesellschaft, vol. i. p. 46. 

t Hist. Hthiop. lib. i. cap. xv. 

§ Journals of the Rev. Messrs. Isenberg and Krapf, p. 234. 

|| According to Mr. Isenberg, in his‘ Abessinien und die evangelische Mission’ (Bonn, 1844), 
vol. i. p. 48, this is said to have occurred in the time of the emperor Lébna (Nébla) Déngel, 
in the fourteenth century. 
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seventh parallel of north latitude. Hence we may probably be justified} 2 2 “44> 
that legends which attribute to them an origin in the immediate vicin! pe 
itself, are without any sufficient foundation. Or, at the most, they should be tons 
as relating only to the tribes inhabiting the kingdom of Shoa and its vicinity, who are 
all closely connected, and have a common point of union on the banks of the river 
HawaAsh, to the south of Shoa, where they meet to worship a large tree, called Wod4- 
nabe®. It is however proper to remark that Telles+ asserts, that the districts which 
lie between B&li and the ocean are the proper country and habitation of the Gallas. 
And according to the Mohammedans of the coast, as reported by M.d’Abbadie}, this ® 
nation derives its origin from three sisters, daughters of Jerusalem, to whom are ap- 
plied traditions similar in character to the relations in Genesis, vi. 4, and xix. 36. Their 
progeny are said to have invaded the kingdoms of the south, é. e. Arabia; whence 
they crossed over into Africa by Bab-el-Mandeb. 

ce, who describes at some length the Gallas as they existed in his time in 
Abessinia§, considers that originally they probably lived under or beyond the line, 
and he states that they all agree that when the nation advanced to the Abessinian 
frontiers they were then in the centre of the continent. The ground beginning to rise [?] 
before them, some of their tribes or nations filed off to the east toward the Indian 
ocean; and after making settlements there and multiplying exceedingly, they marched 
forwards due north into B4li and Dawaro. Another division of seven tribes went off 
to the west, and spread themselves round the south side of the river Abéi, and all 
along its banks round Gédjam; while a third division, likewise of seven tribes, re- 
mained in the centre due south of Shoa. 

During the latter portion of my residence in Abessinia, namely in the years 1842 
and 1843, I became acquainted with several traditions of the Gallas themselves with 
respect to the primitive seat of their forefathers. The first of these traditions, which 
was communicated to me in Gédjam, says that the country of the Gallas lay far to 
the south-east of that province, beyond the kingdom of Diandjere (Gingiro),—con- 
sequently to the south of Guragie,—and on the opposite side of a bahr (lake or large 
river||), which separated it from the country of the Ambéras or Christians of Abes- 
sinia. The Gallas were then the rudest savages, without the knowledge of any arts, 
without clothing, without agriculture, without cattle, even without any food except 
the fruit of trees and roots dug up by them with their hands. This description cor 
responds with that which at the present day the Gallas give of the Dékos, a savage 
people said to inhabit the countries south of K&ffs and Djéndjaro, of whom, as a 
separate nation, very strange tales have been related{]. As however the word Doko 
in the Galla language means “stupid” or “ignorant,”’ it may be questioned whether 
the term is not used in the same indefinite sense as our expression “ savage,” without 
being properly applicable to any particular race of people. A woman of the Amb&ras 
or Christians (so proceeds the legend) sent across the bahr a boat, in which were 
bread, clothing, a spear, a shield, and other articles. The arrival of these novelties 
excited the wonder of the savage Gallas. They tasted the first, put on the second, 
tried the use of the others; and being pleased with them, they crossed the dahr in 
order to become the possessors of more. By so doing they eame in contact with the 
Christians. This ted to quarrels and wars; and the Gallas, conquering their oppo- 
nents, swept across their country, dividing the population into two parts, of which 
the one remains in the Abessinia of the present day, while the other inhabits the 
countries further to the south. 

This tradition, which exists among the Gallas of Gdderu, has the merit of being in 
accordance with the fact that the former Christian inhabitants of the south of Abes- 
sinia have actually been divided into two parts by the irruption of the pagan Gallas. 
For, at the present day, a Christian population exists in Kaffa and the neighbouring 
countries; though, from the conclusive evidence of the languages of these people **, they 
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® Isenberg, ‘ Abessinien, &c.,’ vol. i. p. 45. + Loe. cit. 

¢ Atheneum, No. 731. See also Harris, ut supra. § Travels, loc. cit. 

|| The nations of Africa generally donot distinguish between a lake and a large river; 90 
that it is not easy to say which of the two is here meant. 

q See Harris’s Highlands of Athiopia (2nd edit.), vol. iii, p. 63 e¢ seg. Journal of the Royal 
Geogr. Soc. vol. xvii. p. 66. 

** See Proceedings of the Philological Society, vol ii. p. 91 ef seq. 
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are of a distinct origin from that of the inhabitants of Abessinia Proper, with the ex- 
ception alone of the small remains of the Géngas, who inhabit the valley of the river 
Abdi, in the extreme south-west of the peninsula of Gédjam. 

The next tradition which has to be mentioned is derived from quite a different 
source, namely from among the Yédju (Edjow) and Réia Gallas inhabiting the 
ancient kingdom of A’ngot and other districts further to the east. It says that the 
nation came originally from Hashgfima, a country situate beyond a bar. A cow m 
calf belonging to this people, being chased by wild beasts, swam across the bahr, and 
when arrived on the opposite shore became in the course of time the progenitnx 
of large herds. The Gallas water their cattle only two days out of three, conceiving 
that by this means they obtain more milk and of better quality. These wild cattle 
however went down to the water every evening; and Hashgéma lying to the east of 
the dakr, the setting sun cast their shadows across to that country. [When this was 
related, I objected, that if it had been possible for the setting sun to cast the shadows 
of the cattle from the western to the eastern shore, the cattle themselves must surely 
have been visible; and I suggested the possibility of the fact being, that the cattle 
were on the eastern side, and that it was the reflected rays of the sun which rendered 
them visible, when under ordinary circumstances they would not have been so. Bat 
this suggestion was not admitted; so that we must be content to take the tale 
as it was related.] This daily visit of the cattle to the dahr attracted the attention of 
the Gallas, who justly concluded that they must be wild and without owners. They 
consulted as to going over to obtain posseseion of the cattle, and after some debate they 
joined hands in order to prevent their sinking or being carried away, and thus they 
crossed the bakr. Arrived on the opposite shore and finding the country good, they 
settled there; and in the course of time, as they increased in number, they sp 
out till at length they reached Abessinia. 

In these two legends one fact stands prominently forward. It is that the Gallas 
originally came from a country beyond a bahr—a large river or lake. This country, 
called by the Yédju and Réia Gallas Hashgéma, is in Shoa generally known by the 
name of Bargfimo; and the Shoans, who seem to be particularly addicted to fanciful 
etymologies, explain this name as meaning literally Bahr-gamo, that is to say, 
‘‘ beyond the bahr.”’ But this interpretation is open to the objection that the term 
in question is not likely to have been compounded from two different languages, the 
word bakr being Amharic (and also Arabic), and gamo or gama (beyond) being Galla. 
A more reasonable interpretation might be that Bar’ gama means “ beyond the Bero” 
—a large river to the west of K4ffa, which joins the Nile or r-el-Abyad; 
and as among the Gallas inhabiting the right or northern bank of the Béro that river 
is regarded as the main stream of the Nile, it would result that the signification of 
Bar’ gama is “beyond the Nile.” But to favour this interpretation, the country from 
which the Gallas issued must be placed far in the interior of Africa to the west of the 
Nile; whereas the traditions which have been here repeated, expressly and pointedly 
state that it lay to the east of the bakr. Bruce's information however makea them to 
have come from the west. 

In Gédjam I heard a third name given to the primitive seat of the Gallas. Ac- 
cording to several individuals with whom I spoke on the subject, their forefathers 
came from Jiu (Tallo) Wold!; which, as Vite signifies “mountain,” I at first 
understood to mean some particular mountain called Mount Wola]. Tiilu Woldi was 
placed by some of my informants between Sayo and Afillo, to the west of Kaffa and 
near the river Béro; and it was indeed this particular information which led to the 
interpretation above suggested of the expression Bar’gama. By another Galla Tulu 
Wold! was said to be in Bérana WolAl beyond Tiloma, that is to say, to the south- 
east of Gédjam towards Gurfgie. M. d’Abbadie, when in Gédjam, was informed that 
Wolal, the original country of the Gallas, is on the borders of the Afar or Dan&kil, 
near Wollo and Argébba, to the north-east of Shoa®. When however the significa- 
tion of the term Woldi comes to be investigated, it will be seen that no dependence 
can be placed on these attempts to fix the position of the locality which this expres- 
sion is intended to designate. For the verb wdlala or wélala in the Galla langu 
signifies “‘ to lose one’s way,’ “ to forget,” “‘to know no more;”’ so that Zils W 
instead of being a proper name, resolves itself into “‘ Mount Unknown,” that is to 


* Bulletin de la Société de Géographie, 3rd series, vol. fii. p. 64. 
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say, some mountain or mountainous country whose situation is lost, forgotten and no 
longer known. 

From the name thus given by the Gallas to the country of their ancestors, and from 
the various directions in which it is said to lie, it may be concluded that they are in 
fact ignorant of its real position. Still, this very name 7éiu Woldi, or the un- 
known mountains, may seemingly be regarded as a proof that the primitive Gallas 
were the inhabitants, not of the low plain country bordering on the Indian ocean, 
where they are known to have been settled for upwards of two centuries, but rather 
of some high and mountainous one. And this conclusion is corroborated by the 
fact, that as a people their complexion is fairer than that even of the Abessinians, 
whose colour as a red race, results from their country generally being of much greater 
elevation than that of the negroes inhabiting the valleys of the Nile and its tributa- 
ries towards the west, or than that of the dark but not negro nomadic tribes skirting 
Abessinia to the east. Indeed it was probably the great fairness of the Gallas which 
led the Jesuits to derive their name from ydAa, milk. And it is highly deserving of 
remark, that the further we proceed from Abessinia southwards, along the elevated 
plateau of eastern Africa, the fairer is the complexion of the inhabitants of that plateau ; 
& convincing proof that the land continues to rise as it approaches the equator®. 

From the foregoing considerations we may reasonably arrive at the conclusion that 
the Gallas come from a high mountainous country, situate far to the south of Abessinia, 
beyond, and apparently to the east of a large river or lake (bahr). Now Dr. Krapf 
informs ust that the Galla caravans proceeding from the eastern coast of Africa near 
Monbfsa (Mombas) for a distance of thirty or forty days’ journey, come to a country 
surrounded by a large river. This river, from the researches which I have instituted 
on the subject, is no other than the upper course of the main stream of the Nile, the 
sources of which are in the mountains of the empire of Méno-Moézi—the “ Moun- 
tains of the Moon” of Ptolemy ft. 

On the table-land of Eastern Africa and bordering on the country of Méno-Moézi 
to the north, dwells the nation of the Meremongf&o, whose country, according to infor- 
mation obtained by Mr. Cooley §, is about two months’ journey inland from Monbésa, 
behind the Wanyfkaj]. The Meremong4o are known to the merchants on the coast 
as the great smiths and cutlers of Eastern Africa, and as the principal consumers of 
brass wire, which they wear twisted tightly round their arms. These customs of 
the Meremongfo, coupled with the position of their country, lead to the opinion 
that they are Gallas. For, in Southern Abessinia it is the Gallas who are noted as 
the most skilful cutlers and workers in iron; and in Shoa, the inhabitants of which 
kingdom are essentially of Galla extraction, the custom prevails of wearing a number 
of brass rings, sometimes covering almost the entire forearm from the wrist to the 
elbow, which rings or bracelets are not removable at pleasure, but like the “ brass 
wire” of the Meremongéo, are tightly and permanently fixed on the arm by a smith. 

So far then as our information will allow us to offer an opinion, the country of the 
Meremongfo, as a mountainous region, situate far to the south of Abessinia, and lying 
in the vicinity of a large river (the Nile), presents strong claims to be considered as 
the place whence the Galla tribes of Eastern Africa issued eastwards to the shores of 
the Indian ocean, and northwards into the countries intervening between them and 
Abessinia, and subsequently into Abessinia itself. Nevertheless, in the present in- 
sufficient state of our knowledge on the subject, it would be wrong to regard this as 
anything more than a first approximation, 


* Mr. W. F. Daniell informs me that the inhabitants of the western coast of Africa, in about 
5° south latitude, are acquainted with a “white” people who come from the opposite side of 
the continent. On Mr. Daniell's inquiring whether these white people were not Europeans, 
he was assured that they are not so, but “ natives of the land.” 

fT Zeitschrift der Deutschen morgenlandischen Gesellschaft, vol. i. p. 46. 

t In the languages of the Saw4hilis and other people of this part of Africa moézi signifies 
*‘moon;” and as méno means “ king,” the empire of Mono-Moézi is simply that of (the king 
of) Moézi. Hence the ‘ Mountains of the Moon,” in which Ptolemy places the sources of the 
Nile. See Journal of the Royal Geographical Society, vol. xvii. p. 74 et seg. 

§ Fbid, vol. xv. p. 212. 

The Wanika, with the Ukuafi (by Mr. Cooley called Maquavi) and Wakamba, are placed 
by Dr. Krapf to the south of the Gallas. They are of a race distinct from the Gallas, and 
allied (except perhaps the Ukuafi) to the Sawahilis. 
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Addition by the Author.—Mr, Daniell has this day placed in my hands a small 
wooden figure, which was brought down the river Congo by native merchants from the 
country of the “white ” people of Eastern Africa, distant a journey of three months— 
probably 800 or 900 miles. This would make the position of the country of this 
‘white’ people to be somewhere about the equator, and in at least 25 degrees of 
east longitude, which would place it in the elevated land in which it may reasonably 
be conjectured that some of the head-streams of the Nile have their sources. This 
figure has a necklace of red and white Venetian seed-beads, and a string of the same 
beads round its loins. Beads of this description are not known on the south-western 
coast; but they are common in the Red Sea and North-eastern Africa, whither they 
are brought by the way of the Mediterranean and Egypt. This circumstance is a 
proof that this image comes from a part of Africa connected commercially with the 
north-eastern coast. The carving of this figure is extremely good, and its features, 
which we are warranted in considering to represent those of the people by whom it was 
made, are intellectual and pleasing, and of a type seemingly Indian rather than African. 
The nose is large and prominent, the mouth and lips amall, and the forehead tolerably 
high and well-formed. In one remarkable particular the head bears a resemblance 
to the ancient Egyptian representations of that portion of the human frame, namely, 
in the position of the ear, which is placed so high up as to be on a level with the eye- 
Of course it cannot be said whether or not this is natural to the people themselves; 
but the fact that a light-coloured race, dwelling most probably within the limita of the 
upper basin of the Nile, should possess this peculiarity in common with the ancient 

tians, even if only in their works of art, is highly deserving of consideration.— 
16th November, 1847. 


On the Aboriginal Tribes of India. By Major-General Brices, F.R.S. 


The Hill Tribes of India represent a race distinct from the great mass of the proper 
Hindoo population. It is in the highest degree probable that they inhabited the whole 
continent of India between the Indus and the Himalaya at a period anterior to the 
entrance of the proper Brahminical race. 

This latter people have no historical record of their invasion of India, They ac- 
knowledge that they came from the north-west, and their ancient books mention that 
they found inhabitants everywhere in their progress, living in mountains and forests, 
to whom they applied the term Mleckha, signifying impure barbarians. 

The fact of small communities answering to this description, existing here and 
there, has been occasionally mentioned in the periodicala published by the several 
societies of Calcutta, Bombay, Madras and Ceylon. 

The Hindoos, following the doctrines of the Vedas, have peculiar customs, such as 
rules of caste, municipal institutions, and social habits, which require the absti- 
nence from certain food, and from partaking of that which has been prepared by 
any but persons of their own caste, with other distinctions that mark them as a people 
separate from all others in India or elsewhere. Notwithstanding the great antiquity 
of this race, and the fact of their sacred Vedas being at least three thousand three 
hundred years old, they had not, two thousand years ago, established their power 
over the Peninsula of India, nor over any country south of a line drawn nearly cast 
and west in the latitude of 22° north. 

On the other hand, the inhabitants of the hills and forests are wholly distinct from 
the Hindoo race, whilst they exhibit a close uniformity of habits, customs and reli- 

ion to each other; standing everywhere in the same relation to the Hindoos. They 
Fave no such institution as caste, Their communities are governed by patriarchal 
and not by municipal laws. They are ignorant of the use of letters, and have no 
belief in a future state, or in the existence of a beneficent Supreme Being. Their 
religious ceremonies require the spilling of blood; sometimes human. Their natural 
occupation is hunting, seldom cultivating the soil for their own use. One branch, 
however, possesses large herds of cattle, which they chase from one pasture to an- 
other, subsisting on their flesh and milk. 

These tribes appear to be marked in their moral character by an inflexible fidelity 
towards those to whom they owe allegiance ; by their contempt of danger; by active 
courage ; by their love of truth, and by their hospitality: but they wage perpetual war 
with civilized man, by incessant robberies, and murder when resistance 1s offered. 
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The comparison of the common languages of India, together with the aid derived 
from dictionaries and vocabularies, both published and in manuscript, leads the au- 
thor to believe that there will hereafter be found proofs of the existence of one uni- 
form language anterior to the introduction of the Sanscrit. It has, however, been 
inundated with Sanscrit vocables to such an extent as to render it difficult to separate 
remains of the aboriginal from the learned tongue. 

No satisfactory physiological comparison between the aborigines and the several 
members of the Caucasian family in India has yet been made. 


On certain new Vocabularies from the Eastern Coast of Africa. 
By His Excellency the Chevalier BunsEn. 


Vocabularies and Grammars in four languages have been forwarded to the Church 
Missionary Society by the Rev. Dr. J. L, Krapf. These represent— 

I. A Galle Dialect,—Spoken as far south as four degrees south latitude; differing 
in many points from the Galla of Abyssinia, and resembling in a remarkable manner 
the Somali dialect of Barawa. Remarkable also for containing a number of Amharic 
and thiopic words, This language belongs to a different class from the three fol- 
lowing; these being related to each other. 

I]. a, The Sawahkii, 6, The Pocomo, c. The Wanika. 

a. The Sawahili is the general language of the coast of Zanzibar, known at present 
only through the medium of short and incomplete vocabularies, 

b. The Pocomo is spoken by the Pocomo tribes resident on the banks of the great 
river Pokomosi (the Maro of the Gallas) which runs into the so-called Bay of Formoso 
on the north of Melinda. The vocabulary of Krapf represents the particular Pocomo 
dialect of the village of Kallindi, and was taken from the mouth of Hadshi Omar, 
brother of Bonnaia Dacha, the chief of the tribe there resident. According to this 
authority, the language of the upper course of the river differs from that of the coast; 
a statement which is borne out by the character of the Wakamba language (or dialect), 
spoken by the tribes of the jnterior, and obviously related to both the Pocomo and the 
Sawahili. Of the Wakamba language specimens have been sent by Dr. Krapf to 
Professor Ewald of Tubingen, along with vocabularies of two other Janguages not 
mentioned in the present paper (the Msegua and Ukuafi), and are noticed by the 
writer last-named in ‘ Zeitschrift der Deutschen Morgenlandischen Gesellschaft’ 
(Heft 1). The Pocomo language has adopted many words from the Galla. It ex- 
tends far into the interior, and is likely to be of great practical importance in 
African researches. 

ce. The Wanika language is spoken, to the north and west of Mombaz, by the tribes 
of Rabbaj, Keri4éma, Kambe, and Dshogai; the southern idiom of the WAédigo Wanika 
tribes differing a little from that of those of the north. . 

Since June, a vocabulary of an additional Sawahili dialect has been forwarded by 
Mr. Krapf—the Msambara, It is closely allied to the Msegua, Wanika, Pocomo 
and Wakamba, 


On the Malay Languages. By Joun Crawrorp, F.R.S, 


dtemarks during a Journey from Whydah to Adafoodia. 
By Mr. Duncan. 

The king of Dahomey has in his army 6000 female warriors; has abolished the 
custom of human sacrifices, and has established the Dahomey law in the Mahee 
Country. The Mahee Country is the Dahomey name for the Kong Mountains, or for 
that portion of them conterminous with the Annagoo, the Fellatah, the Yarriba, and 
the yo countries. 


On the Chippewyan Indians. By A. K. Issisrer. 


The number of distinct Chippewyan tribes is reducible to eight. These are,—l1st, 
The Chippewyans Proper. 2nd. The Beaver Indians. 3rd. The Daho-dinnies. 4th. 
Strong Bows. 5th. The Hare Indians, or Slave Tribe. 6th. The Dog Ribs. 7th, 
Yellow Knives; and 8th. The Carriers of New Caledonia. 
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Ist. The Chippewyans Proper.—This tribe, probably from their having been the 
first with whom the whites becaine acquainted, are considered as the germ of the race. 
They range the country from Hudson’s Bay to Athabasca Lake, and extend as far 
north as Slave Lake and the Fish River, a large stream not yet laid down in our 
maps, and said to flow into Chesterfield Inlet. The dialect of this tribe is considered 
the standard of the Chippewyan tongue; which is harsh and guttaral, difficult of 
enunciation, and unpleasant to the ear. As a language it is exceedingly meagre and 
imperfect—not only barren, as most Indian languages are, of abstract and general 
terms, but singularly deficient in the means of expressing the commonest objects of 
nature ; thus, there is but one word for a kettle, a stove, a spade, a spoon, and a ts 
dish—because these articles are all manufactured from tron. This character runs 
throughout the language ; and the poverty of vocables arising from this cause induces 
a complexity of structure and a necessity of circumlocution, which barely enables the 
individual to indicate the idea which he cannot express. This circumstance renders 
it very difficult of acquisition to Europeans, who never become masters of the ton 

2nd. The Beaver Indians extend from Lake Athabasca, along both sides of the 
Peace River, to the Rocky Mountains. 

They range from the head waters of the Saskatchewan to the sources of the Riviére 
aux Liards, a tributary of the M‘Kenzie. Their language differs considerably from 
that of all the other Chippewyan tribes, being softer and somewhat more copious. They 
come more frequently in contact with the Crees and other tribes of the south, which 
may partly account for this circumstance. 

oceeding along the chain of the Rocky Mountains, we have,— 

3rd. The Daho-dinnies, a mountain tribe, and, like most mountaineers, a bold and 
hardy race, and of a somewhat warlike turn. Hence the name given to them by the 
Canadian traders of “‘ Mauvais Monde.” They inbabit the country around the upper 
waters of the River Liard. 

4th. The Strong Bows are likewise a mountain tribe, not easily distinguishable from 
the former, except by a dialectic difference of language, which is however consider- 
able. They present still closer analogies to the Hare Indians, inhabiting the banks 
of M‘Kenzie’s River, with whom they come in contact, between Fort Norman and 
Fort Good Hope, where that stream approaches the mountains. 

The fifth division of the Chippewyan family is the Hare, or Slave Tribe, as they are 
sometimes called; who extend along either bank of the M‘Kenzie from Slave Lake to 
the Arctic Circle. They are in the most intimate connection with the Hudson's Bay 
Company of all the Chippewyan tribes, and they show the effects of that connection. 
Their condition is the most wretched and deplorable that can be imagined. Canni- 
balism, almost justified by the extreme necessity of the case, exists to a frightful ex- 
tent. It is but just however to say that this practice is looked upon with horror by 
the tribe generally, and many rather than resort to this dreadful expedient put an 
end tu their own lives, Instances have been known of parents destroying their own 
families and afterwards themselves to dvoid this fatal alternative. 

They are almost entirely clothed in the skins of rabbits, tagged together after the 
rudest fashion with the ends of sinew; hence the name of Hare Indians applied to 
the tribe. They have neither tents nor huts of any kind, living all the year round in 
the open air. As might be expected, they are a puny and stunted race, and are ra- 
pidly decreasing in numbers, and must soon disappear altogether. Yet it is from this 
wretched tribe that the Hudson’s Bay Company Vraw nearly all the profits of their 
trade in this quarter. 

6th. The Dog Ribs form the sixth division of the group. They inbabit the barren 
grounds around Great Bear Lake, and extend as far east as the Copper Mine River. 

ey live upon the rein-deer, which frequent their lands in great numbers, following 
the migrations of these animals as closely as if they formed part and parcel of the 
herd. They are almost entirely independent of the whites, and present a marked 
contrast with their neighbours of the Hare Tribe. They are well-clothed in the skins 
of the rein-deer, and have all the elements of comfort and Indian prosperity within 
their reach. They are a healthy, vigorous, but not very active race, of a mild and 
peaceful disposition, but very low in the mental scale, and apparently of very inferior 
capacity. ‘There is no reason to think that they are decreasing in numbers. They 
receive the name of the Dog Ribs from a tradition that they are descended from the 


dog. 
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7th. The Yellow Knives, sometimes called the Copper Indians, inhabit the country 
situated between the Copper Mine River and the Fish River, already mentioned, and 
thus bring us round to the point from which we began our enumeration. The de- 
scription given of the Dog Ribs applies also in many respects to this family. In point 
of intelligence they seem however to be considerably their superiors. ey have a 
strong claim on the gratitude of Englishmen for the valuable services they have ren- 
dered to the different Government expeditions that have been from time to time en- 

ed in the survey of the northern shores of America. 

8th. The Carriers form the last division of this extensive group. They occupy the 
greater portion of the district known under the name of New Caledonia, west of the 
Rocky Mountains, where they seem to be now the only remaining representatives of 
the race to which they belong. They may be regarded as an extension of the Beaver 
Indians, or, perhaps, the Beaver Indians are an extension of them. They are the 
lowest and most degraded of all the Chippewyan family. Their physical condition 
is scarcely, if at all, above that of the Hare Indians on the M‘Kenzie, while in point 
of moral and intellectual capacity they are described as much their inferiors. ey 
are sunk even below the Indian level in sensuality and filth, and eaten up by disease, 
Their principal food is salmon, of which they dry large quantities for their winter's 
consumption. 

I have little doubt, from the evidence of language, that the Sarsees, a tribe inha- 
biting the upper waters of the Saskatchewan, also belong to the Chippewyan family, 
but as there is some difference of opinion upon the subject I have not formally in- 
cluded them in the enumeration. 


On the Nehanni Tribe of a Koloochian Class of American Indians. 
ly A. K. IspistTER. 


The most numerous and powerful of the Koloochian tribes with which the writer 
has any personal knowledge sre the Nehannies. These range the country between 
the Russian settlements on the Stikine River and the Rocky Mountains, where they 
are conterminous with the Carriers of New Caledonia on the south, and the Daho- 
dinnies of M‘Kenzie’s River on the west. They are a brave and warlike race; the 
scourge and terror of the country round. It is a curious circumstance, and not the 
less remarkable from the contrast to the general rule in such cases, that this turbu- 
lent and ungovernable horde were under the direction of a woman, who ruled them 
too with a rod of iron, and was obeyed with a readiness and unanimity truly mar- 
velous. She was certainly a remarkable character, and possessed of no ordinary share 
of intelligence. From the fairness of her complexion and hair, and the general cast 
of her features, she was believed to have some European blood. Whether through 
her influence or not, the condition of the females among the Nehannies stands much 
higher than among the American Indians generally. The proper locality of the Ne- 
hanni tribe is the vicinity of the sea-coast, where they generally pass the summer. 
In the winter they range the country in the interior for the purpose of bartering, or 

lundering, furs from the inland tribes; acting as middlemen between them and the 

ussian traders. They agree in general character with the Koloochians, having light 
complexions, long and lank hair, fine eyes and teeth, and many of them strong beards 
and moustaches. They are not generally tall, but active and vigorous, bold and 
treacherous in disposition ; fond of music and dancing, and ingenious and tasteful in 
their habits and decorations. They subsist principally on salmon, and evince a pre- 
dilection for a fish diet, which indicates their maritime origin. Like all the north- 
west tribes, they possess numerous slaves; inhabitants, it is understood, of some of 
the numerous islands which stud the coast, and either taken in war, or bought of the 
neighbouring tribes. 


On the Loucheux Indians. By A. K. Isprster. 


The Loucheux, or Quarrellers, inhabit the country on both sides of the Peel, a tri- 
butary of the M‘Kenzie. Ethnographically considered, this tribe is important, bein 
conterminous with the Esquimaux, Chippewyan and Kolooches. Their language, thoug 
differing considerably, in vocabulary is evidently closely allied to the Esquimaux. 
Most of the Western Loucheux indeed spoke Esquimaux fluently, and were perfectly 
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intelligible to our interpreter, Oolibuck, from Chesterfield Inlet, If the facility with 
which an individual of one tribe acquires the language of another be considered as a 
evidence of affinity, there would seem to be also a close relationship between the 
Loucheux and Chippewyan. We had with us four Dog-rib families and a half- 
caste Daho-dinnie, who all in the course of a single winter qualified themselves for 
interpreters. In the case of these Chippewyans, as well as of Oolibuck the Esqui- 
maux, already alluded to, the difficulty seemed to lie entirely in the acquisition of 
the words of the language, the same idioms and forms of speech being, it would ap 
pear, common to all. 

The Loucheux are a more numerous and widely-spread tribe than is generally sup- 
posed, extending from Esquimaux [Lake on the east of the M‘Kensie to Colville’s 

iver (a large stream not yet laid down in our maps) flowing into the Arctic Sea in 
long. 152° J4' west. They range in an east and west direction, nearly parallel w 
and at no great distance from the coast. They maintain friendly relations with the 
Esquimaux in moet parts of their course, but at the mouth of M‘Kenzie’s River the 
two tribes are continually at hostilities. With the Chippewyans, on the other hand, 
they do not seem ever to have had much intercourse. They are an athletic and fine 
looking race, considerably above the average stature, moat of them being upwards of 
six feet in height, and remarkably well-proportioned. They have black hair, fine 
sparkling eyes, moderately high cheek-bones, regular and well-set teeth, and a fax 
complexion, Their countenances are handsome and pleasing, and capable of great 
expression. They perforate the septum of the nose, in which they insert two Cowrie 
shells joined together and tipped with a coloured bead at each end; or when 
these cannot be had, pieces of polished bone between four and five inches in length. 
This ornament, on which they greatly pride themselves, is worn by both sexes, and is 
only assumed at a certain age. Probably from a habit of continually eyeing and ad- 
miring this odd-looking appendage they all have a slight obliquity of vision, which 
imparts a peculiar and somewhat stern appearance to their countenance. It is from 
this circumstance that they derive the name of Loucheuz or Squinters. 


On the Lexicography of the Semitic and Indo-Germanie Languages. 
By the Rev. Professor Jankett, M.A. 


After a few remarks on the advantages that might be derived by ethnology from 
@ series of lexicons written on a uniform plan, the author proceeded to offer some 
suggestions for an improved method of arranging the words in lexicons of the two 
above-named families of languages, and showed how much this new arrangement 
would leasen the labour necessary to learn them, 

1. The first suggestion was, that in all lexicons the words should be arranged under 
their primitives, instead of being placed in alphabetical order. This is seldom done 
except in the Semitic languages, and not always in them. 2. For the Semitic, a 
method was pointed out of so arranging the words that all the cognate roots come 
together, and that these groups of cognate roots are so placed that all words are 
readily found as well by a person knowing nothing of the Janguage as by the 
most familiar with it. This method consists in arranging all words under thetr per- 
manent letters, The permanent letters of a word are those which can neither be 
introduced nor lost by inflexion. The author has in the press a Hebrew lexicon 
arranged according to this plan; a plan, that, with a very slight modification, applies 
to all the Semitic languages. The following are the rules for finding any word :— 
Reject (1) the inseparable particles and pronominal affixes, (2) every sas and yod, 
and (3) every letter of the word Heemanta which is not included between two letters 
not found in that word. The letters that remain are permanent letters. Under each 
existing combination of permanent letters there are placed, first, all the verbs accord- 
ing to the order of the alphabet, and, secondly, all the other words, arranged also in 
alphabetical order. If there are no permanent letters in the word, it will be found 
under the head Heemantio, at the beginning of the lexicon. 3. The modifications 
necessary to apply this method to Arabic and Syriac will readily occur to a person 
acquainted with these dialects. 4. The two next suggestions apply to all the Indo- 
Germanic tongues. AU those words should be placed together that have the same 
covsonants, the vowels being considered as of secondary importance in the arrange- 
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ment of words. 5. The alphabet should be arranged according to the organic forma- 
tion of each letter, In Sanscrit this is already done; but, for the purposes of a 
lexicun, it would be an improvement slightly to change the order of the classes, 
placing the vowels first, the semivowels second, and the sibilants with the simple aspi- 
rate in the third place. The order suggested for Greek and Latin was— 

aeKLOwY, o aeiyou, jv, e: 

ré6y »( (=re)° tdn a 7 

KYX » & (=xa)° cqkgh Pe 

7BOp » ¥(=10)" bfm: 

° re 
The natural order for Anglo-Saxon and English is the same as for Latin, the w 
being inserted after the uw. The effect of these changes is, that very many derivatives 
naturally place themselves under their roots, and that the most difficult parts of the 
verb show at once to the learner their probable primitives. 6. The next suggestion 
refers to the Celtic dialects, and would be found very useful on account of the changes 
to which the initial coneorfant is so frequently subject. 4 words that begin with a 
consonant should be arranged under the second consonant, and not under the first. 
7. The last suggestion refers to Persian. The Indo-Germanic and Semitic elements 
should be separated in the lexicon; and perhaps the most convenient way would be to 
print them on opposite pages. 
Note.—The suggestions in 4 and 5 apply with great benefit to Coptic; 6 applies to 

several African Sialects ; and 7 applies to Turkish, separating the original Tatar 
from the Persian and Arabic parts of the existing language, 


On the French Language. By Dr. Lanz, D.CL. 


On the Shyenne Numerals. By R. G. Latuam, M.D. 


In Gallatin's Synopsis doubts are expressed as to the proper place of the Shyenne 
language. Lieutenant Abert, of the Santa Fé Expedition, as stated in the ‘ Bulletin 
de Fa Société de Géographie,’ has published a grammar and vocabulary of this lan- 
guage. The numerals alone have been seen by the writer of this note. They refer 
the language to the Algonquin group of tongues. 


On a Moskito Grammar and Vocabulary. By R.G. Latruam, #.D. 


The affinities of the Moskito language, in the present state of our knowledge, are 
but few and miscellaneous. Still, considering that we are without samples of any 
conterminous language, its apparent isolation is not greater than is naturally ex- 
pected. The data for the oskito are,—1. Thomas Young's ‘ Narrative of a Re- 
sidence on the Moskito Shore,’ 2. ‘ Bericht iiber einige Theile des Moskitolandes,’ 
printed in Berlin, 1845. 3. ‘A Grammar of the Moskito Language,’ by A. Hender- 
son. Belize, 1846. 


On a Botocudo Vocabulary. By R.G. Latuam, M.D. 


In the ‘ Bulletin de la Société de Géographie ' (Third series, vol. vi.), is a vocabu- 
lary of the Botocudo language, spoken in South America, on the banks of the Rio 
Doce and the Rio Belmonte, extending to the sources of the former and reaching the 
limits of the province of Minas Geraes, The vocabulary is that of M. Marcus Porte, 
taken from the mouth of two young Botocudos now in Paris. To this Monsieur Jo- 
mard has added some philological remarks. This vocabulary represents the same 
language with the Botocudo specimens of Balbo in the ‘ Atlas Ethnographique.’ The 
affinities are miscellaneous, and the language is by no means isolated. 


On some Tumali words from Dr. Tutschek’s Vocabulary. 
By R. G. Latnam, M.D. 
Out of sixty words with which Dr. Tutschek favoured me, twenty were compared 
with the Kordofan vocabularies of Riippell. Of these twenty the following ten oc- 
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curred in the particular language of Takeli, belonging to the Nubian group of 
African lan es :— 


NGLISH. TuwMati. Taxext. 
Fire ibé ebe 
Woman ny4na jane 
Mouth n engiarr 
Horse ney mnurda 
Star leng lain 
Sun 4&ne ani 
Sheep tri dari 
Head adg aik 
Neck ndok endore 
Water ngai eka 


Furthermore, the only fact in the Tumali grammar known to me is a characteristic 
of the Caffre languages, viz. the euphonic alliteration. 
Moe Tumali has also miscellaneous affinities with the vocabularies of Beke and 
rs. m., . 


On some Fazoglo Words from Dr. Tutschek’s Vocabulary. 
By R. G. Latnam, #4.D. 


The Fazoglo words with which I was favoured by Dr. Tutschek were fewer in num- 
ber for the purposes of comparison than those of the Tumali. Allowing, howerer, 
for this, the former lan e seems to be® less like any African dialect of which ve 
have specimens than the latter. It has, nevertheless, miscellaneous affinities both 
as compared with the vocabularies of Dr. Beke and those of Mrs. Kilham. 


Notice of the Ghadamsi Dialect of Berber. By Professor Newman. 

Mr. James Richardson has brought home from the Great Desert certain contribu- 
tions to our knowledge of the Ghadamsi and Tuaryk dialects. They consist of two 
short vocabularies, one of which has been printed, a Tuaryk alphabet, and the third 
chapter of Matthew, translated into the Ghadamsi. In this dialect Graberg de 
Hemso had already communicated a glossary, and a fable of Lokmant; but as the 
latter was not accompanied by a /s¢eral translation, no very distinct knowledge of the 
dialect could be gleaned from it. Mr. Renouard, however, was able to deduce, that 
the lan was really a branch of the Berber, in spite of the very strong and 
startling differences. 

The third chapter of Matthew will shortly be printed, by the order of the Foreign 
Office, with an interlineary translation into Latin, which Mr. Newman has succeeded 
in executing {. Almost every word in Lokman’s fable also is now explicable, and there 
cannot be a moment’s doubt as to the Ghadamsi being (in every ethnographical sense) 
a Berber dialect, although it is impossible to judge whether a man of Ghadames could 
hold intelligible conversation with a Kabail. ‘The personal pronouns are modified, 
especially by using sh for k: the demonstrative and relative systems are so different 
from those of Kabail, that it needs close analysis to ascertain their relation. The 
vocabulary is not only altered by the introduction of a different set of Arabic words 
(which again eject a different set of native words), but when the vocabulary is pure 
from all Arabic, the Ghadamsi and the Kabail are often quite unlike, and the diver- 
sity of sounds is not to be accounted for by any mutation of consonants. In De 
Hemso’s glossary six words are found, which give the idea that the Ghadamsi has a 
development of the verb essentially diverse from anything yet proved and known 
concerning the other dialects. They are: 

yasekr, faciens yusakr, factus sakard, facti 
asakran, facientes tuskar, facta askranat, facte : 


® Soon after the meeting I ascertained that the Fazoglo of Tutschek was the Zamamyl of 
Caillaud. Upon reaching Munich Dr. Tutschek did the same, and has since communicated 
the discovery. He has also communicated a grammatical sketch of the Tumali language, 
which, along with his remarks on the Fazoglo, is published in the Transactions of the Phi- 
lological Society. 

+ Published by the Asiatic Society. 

$ It is since printed (Nov. 1847) with an extension of the vocabulary. 


TRANSACTIONS OF THE SECTIONS. 125 


from the Berber verb yeskar, fecit. Yet the translations cannot be absolutely trusted. 
The point of interest is, the apparent change from an active to a passive sense by the 
modification of a vowel. A few instances of this Mr. Newman gathered in his Ber- 
ber (Kabail) grammar; and we have here a hint, that the Ghadamsi may possibly 
furnish us with purer and older methods of conjugation than the dialects which are 
more Arabized. All, however, that appears of the development of the verbs in the 
third chapter of Matthew (to which Lokman’s fable may be added), closely agrees 
with what is known of the other dialects. 

The columns of short sentencés given by Mr. Richardson yield one point of ethno- 
logical interest. The Berber hitherto accessible has failed to impart a positive 
knowledge of the native pronouns of interrogation, owing to the extensive borrowing 
of Arabic, even for these necessary ideas, By & process of rather refined reasoning, 
it has been made out that one primitive demonstrative particle of Berber is Da, fem. 
Ta (which is seen even in the Arabic Dhalek, ille, Telek, illa); that a second is Wa, 
fem. 7a; which are often used with the sense ofa relative. Analysis likewise shows 
cases® where the element Wa entering words gives them an interrogative force; and 
a few individual yet clear instances exhibit W¢ in isolation as an interrogative. De 
Hemso also has Nitu thillun, illud cujus est? where th may seem to be the inter- 
rogative element; but this needs fuller elucidation. But there is a third particle, 
Ka or Ki, which enters the system as a relative. Mr. Newman had already called 
attention to the formula in Delaporte’s ‘Tale of Sabi,’ Konni k-ayy-idifkan, Vos rd 
mihi dans; or, Vos of mihi dantes; and in the Ghadamsi third chapter of Matthew 
there is Xz d yetasun, qui est venturus; and apparently also eskr means In quo, which 
again yields Ki=qui. We have thus a sufficient account of the letter K, which runs 
through a whole class of Kabail demonstrative and relative adverbs. But the Gha- 
damsi sentences now obtained distinctly exhibit as a pure interrogative, Kay, quis? 
Tay, que? (quid?) ; if at least we may presume on the distinction of gender. 


Arabic (translated). | Probably more accurate. 


Kay tefrid ? Quid tibi (res est) ? Quem tu vis? 
Tay tefrid ? Quid opus tibi? Quid tu vis? 


Quid dixit? 
Tay hadata ? Quid evenit? 
Tay lakhbar ? Quid ndvi? 
Tay tetfad ? Num quid habes? Quid tenes? 


The word Xay here comes once only, and the translation is unsatisfactory t, as it 
is certain that tefrid means Amas, Desideras; yet analogy puts the sense of Kay be- 
yond a doubt. With this we must couple the phenomena of the Hiussa language, 
the pronominal system of which has other strong resemblances to the Berber. In it, 
Wa is Quid? Ko is Utrum? Add to this, the Galla has Kuni, Tuni, for the Berber 
Winna, Tinna, ille, illa. On the whole it results that the Berbers have the following 
primitive system (besides other demonstratives which need not here be mentioned), 

KT Quis? que? 

WT Qui, que. 

DT Ile, illa. 
Yet K, like T, may fulfil all three functions; W fulfils the two last, and sometimes 
the first; while De Hemso gives the sentence Dt tefrid? Quid vis? as Ghadamai; 
which, if correct, shows D also as an interrogative. 

It is impossible to avoid comparing the Indo-European elements xo, qui, who, rf, 
ro, de, or to doubt of their identity with these of the Berber; especially since the 
affix pronoun of the third person is in Berber and Haussa s, pl. san, in Arabic A, pl.- 
hom, hen, which are related as Sanscrit sas, sa to 6, 7. Such phenomena indicate 
some deeply-seated connection of these very distant languages, which it remains for 
future inquirers to trace out. 

* Jaubert’s Kabail Dictionary under Qui, gives Watilan, quis? and it is quite certain, 
from the feminine and plural forms, that this is to be analysed into Wa-t-ilan, ris ovros oy. 

+ That which is given as the Tuaryk equivalent is pure Arabic, and means Quid tu vie? 
thus making the use of Kay and Tay indifferent. 
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On the Position of Ethnology as a Science. 
By J.C. Pricnarp, H.D., F.R.S. 


On a native Touarich Alphabet, with the corresponding Arabic and Engtish 
s. By J. RicHaRpDson. 


The letters of the alphabet are found carved on the rocks of the Sahara as far a 
the Touarick authority extends; sometimes whole blocks are covered with them. 
Their names and their corresponding equivalents in the Arabic were dictated to Mr. 
Richardson by an intelligent native. It is possible that the whole alphabet may not 
be represented within three or four characters. Some of the letters appear to be 
written both horizontally and perpendicularly : they are also written both from right 
to left and from left to right. The former seems to be the case with the Arabic and 
foreign words, the latter with the native Touarick. The resemblances between these 
characters and those of any other nation are partial and indefinite. The most apps- 
rent are with the Semitic characters. 


On the Races of the Cimbric Chersonese. By Norton Suaw, MD. 


On the Researches of the late Charies Tutschek into the Galla, Tumali, and 
other African Languages. By Lawrence Turscurx, AfD. 


" In the year 1838, four young negroes were entrusted to the charge of Dr. Charles 
Tutschek of Munich. They had been purchased and emancipated by the Duke Maxi- 
milian of Bavaria during his travels in the East. At first suspicion and mistrust made 
the efforts of Dr. Tutschek to obtain information unavailing. An attack of illness 
however on the part of one of them converted this into openness and affection. The 
first discovery made by Dr. Tutschek, upon the increase of familiarity, was that the 
four natives were representatives of four different nations:—1, the Galla; 2, the 
Umali; 3, the Darfourian; 4. the Dinka. Each, with the exception of the last, 
understood his mother-tongue thoroughly. 

From these Dr. Tutschek began the collection of vocabularies and the formation of 

ammars in their respective languages; availing himself of a talent possessed by all 
our in a great degree, viz. the talent for narrative. The result was, that in spite of 
difficulties, both in the way of grammar and orthography, the dictations of these 
youths amounted to a sufficiency of material for the addition of several important data 
to African philology. 

1. The Galla was the language in which the greatest progresa was made in the 
shortest time. The results of this have been laid before the world in— 

a, A Dictionary of the Galla Language. Composed by Charles Tutschek, pub- 
lished by Lawrence ‘Tutschek. Part 1. Galla, English, German: Munich 1844, 

b. A Grammar of the Galla Language. By Charles Tutschek. Edited by Lawrence 
Tutachek, M.D.: Munich 1845. 

2. The dictations of the Darfurian youth were less important. They have far- 
nished however the basis of a glossary and a grammatical sketch of the langnage. 
Unpublished. The language is the language of Methern, seven days south of Kobbe. 

3. Awan, the Dinka, supplied about 500 words. Unpublished. 

4. The communications upon the Umali (Tumali) language, have been more 
cially the object of research to Dr. L. Tutschek; upon whom, at the death of Dr. C. 
Tutschek, in 1843, devolved the arrangement and publication of his brother's MSS., 
and who has since added his own investigations. For these see the ‘ Report upon the 

resent state of African Ethnographical Philology,’ and the ‘ Transactions of the Phi- 
Jological Society.’ eee 
On a Vocabulary of the Fazoglo Language. 
By Lawrence Torscarz, M.D. 


Collected in the years 1844-1846, from a young negro, purchased at Alexandria, and 
emancipated by the Duke Maximilian of Bavaria. It represents the language of 


TRANSACTIONS OF THE SECTIONS. 127 


Hobvila, a town sbout one day’s journey south of Fazoglo. The boy was stolen by 
Egyptian slavers when about twelve years of age. In 1844 his education was 
entrusted to Dr. L. Tutschek, The method pursued was the same as that adopted by 
Dr. Charles Tutechek, The vocabulary consists of about 1100 words. For further 
notices of Dr. Tutschek upon the Fasoglo, see the ‘ Report upon the present state of 
African Ethnographical Philology,’ and the ‘ Transactions of the Philological Society.’ 


On the Buriats and Tungusians. By Witu1aM Twintno, M.D. 


On the Aleutian Islanders. By Wiitiam Twintno, AD. 


Etknological Outlines of France. By M. Raymonp pg VERicour. 


The present unity of France has gone far to obliterate the original distinctions of 
race or tribe. The Northern Provinces retain the Germanic elements of population 
and language in a greater degree than the South. The Germanic influence upon the 
French language tells most upon the pronunciation, next upon the syntax, least upon 
the vocabulary. The Langue d’Oc dialects fall into three main divisions, the Nor- 
man, the Picard, and the Burgundian. 

In the Langue d’Oc districts there is amongst the common people a strong infu- 
sion of Spanish, Moorish and Jewish blood. 

Rousillon is more Spanish still. Gascony ie Basque rather than Castilian. 

The Bretons are more Celtic than the Gascons are Basque. Normandy has traces 
of the old Norwegian influences of the Northmen. 

Provence best represents the remains of the old Roman or Italian population. 

In Lorraine and Alsace, where the German elements are at the maximum, the na- 
tionality is French. 


On the Tribes between India and China. By Professor Witson. 


ADDENDUM TO GEOLOGY AND PHYSICAL GEOGRAPHY. 


Notice of the Geology of the Neighbourhood of Stamford and Peterborough. 
By Captain Ll. L. Boscawen Iserrson, ARB, £.G.S., and J. Morris, 


Introduction. 


Tax object of this paper is to give a slight sketch of the geology of the Vicinity of 
Stamford, with some remarks on the position of the Collyweston slates, and their 
relation to those of Stohesfield, near Woodstock. [The authors here refer to the 
already published notices of Conybeare, Greenough, Phillips, and Lonedale, and 
describe the physical features of the district. } 


Geological Structure. 


The formations comprised within the area under review, are the Upper Lias, Inferior 
Oolite, Great Oolite, Cornbrash, Oxford clay and drift. The drift is locally distri- 
buted, patches of it being observed in many places; at Luffenham Mill is a bed of 
no great extent, about six feet thick, overlying the oolitic slates, and full of nodules 
of rounded chalk, flint and other pebbles; at Stanyon also the blue drift may be 
observed with chalk nodules, and so in other localities. 

The Oxford clay is well-seen in the Wigsthorpe cutting near Thorpe Aychurch, 
and is marked by zones of Septaria frequently containing fossils, 4m. Konigii, &c., 
the lower part of the section being thin slaty clays full of Ammonites Jasoni or Eli- 
zabethe much-compreesed, Belemnites, Avicula and numerous bivalves. 
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The Oxford clay immediately overlies the cornbrash at Thorpe Aycharch, # 
which locality the latter bed contains,— 


Tereb. lagenalis, Amphidesma decurtatam, Pail. 
—— obovata. Pullastra peregrina, PAsi. 
Avicula echinata. Panopea gibbosa. 
Modiola bipartita ? Pholadomya Murchisoni ? 
Trigonia clavellata. Lima rigidutum, PAéd. 
Amphidesma securiforme, Phil. 

Clypeus orbicalaris. 


Serpula intestinalis ?, a large species. 
The cornbrash is also well-developed at Irchester near Wellingborough, Bulwi, 
and Chesterton, and also in the railway between Peterborough and Walton. 
The great oolite forms the chief portion of this district, and is composed of a 
variety of beds, of which the following may be considered as the principal -— 
1. Laminated sandy clay and shales. 
2. Coarse pisolitic shelly rock, more or less indurated Barnack rag, Weldon stone. 


8. Compact freestone .. . - + » Ketton and Castertoa. 
4. Buff-coloured marly limestones, sometimes oolitic. 
5. Oolitic ragstone. 


6. Calcareo-siliceous flaggy beds, splitting into slates. 


The sections are well-exposed ia the following quarries and cuttings of railwar, 
viz. entrance to Wansford tunnel, Barnack, Casterton and Ketton, Wittering, Bar- 
leigh, Stamford, Easton, Collyweston, Geeston, Blatherwick, Dean, Corby, Kirbr, 
from which are extracted the following sections, viz. at Ketton, Collyweston, and 
Geeston. 

Upper part of the great oolite, as displayed at Casterton and Ketton quarries. 


White sandy clay, very fossiliferous.............0.sessscesesscsccevesce 73 feet 
Laminated gray sandy clay with patches of shells and plants.... 4 ,, 
Yellow clay, finely laminated .............cecsosscsavsctccvccccvccacces 23 
Dark clay, very fossiliferous, containing layers of the genus Neera it ” 

arly stratified blue clay ...........cccssssesssceoscsceccecsensee ” 
Carbonaceous sandy CIAYS...........s.scssocecececcccsccsscncccvcccccsece ; ” 
Indurated sand and marly clay, mottled eoesees Orececcevccenccecsacens 7 on 
Orange and gray sand. ............cccsccssccccsssccresccssccscscccccccecs l ss 
Dark marly sandy clay (fossiliferous) .. beer ecansescaveccencnccoreccccees +» 
Orange-coloured sandy Clay .............ssccrssssscssssereceerssees a a) 
Pisolite, very f friable (Barmack rag) .......s.csecsscscsseseesesencnce 3 ow 
Crystalline oolite ...........ccsccsssessscsscovsensecscscacssevccsveccccces 5 w» 
Ketton freestone cece neseenecensccncesccscencosseccecceescescecenceccceces 3 » 

Lower part of the great oolite series in Collyweston quarries. 
Compact oolite in shivers ...........+. Sererrertetiry orceere eeenses . 7 feet 
Oolitic freestone .....ccccccccscoereccevevccccccscccsssescesceesoonscsece 24 » 
Marly oolite with Nerina, ferns (Pecopteri polypodicides), &e. 23 ,, 
Concretionary sand-bed........cccccccocssccscsosssvcsceccccesaces ccccrooe Ld yy 
Compact crystalline ragstone, Nerinasa aod Ferns, ELC. os cccccces - is, 
Brown rubbly incoherent sand with concretions .......cescessescee 2 53 
Slate beds. 
Geeston (Railway cutting). 
Rubbly Oolite in shivers .......0c..sccsccssscoscsess cencecccccesccvernce DB py 
Compact marly limestone, Nerineea and Ferns ...csccsssssssseessee 24 

Marly rock, very fossiliferous, Nerinea, Modiola blicata, Ferns, 

and Tsocardia concentrica, Pinna, Arca ....cccceees Soeccccscces 2 
Sandy rock, with Lima, &........cccscovsscsscscsccsccsccecccccesaces 2, 
Crystalline ragstone, with Nerinea and patches of plants......... 3 » 
Compact crystalline oolitic ragstone ........ ecereccccosceseces cocceee Bog 
Concretionary bed.........c0..sssesscocccscsccccenssscsccseessececesoncere 2% vs 
Slate beds .........ssscsceees devaceosscsese desensacceeesees benesecevccereces 3 wn 
Greenish clay ............sescscccsccssscccccrsccersccnccesccscssess beearens 2 


Ferruginous sand of inferior oolite at bottom. 
The laminated sands and clays of Ketton and Casterton appear to thin out south- 
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ward, as only a small portion occurs overlying the oolitic beds at the entrance to 
Wansford tunnel and at the wood-pit near there. 

The coarse pisolitic rock is interesting, inasmuch as it varies in its condition and 
compactness, as well as its fossil contents in different localities; at Ketton it is a 
coarse rock composed of rolled fragments of shells, corals and echini with oolitic 
grains, very friable and readily decomposing, the term “ crash” being there applied 
to it; at Wansford tunnel it presents the same friable character, but contains more 
perfect specimens of testacea, as numerous Cerithia, Eulima, Nerina and many 
bivalves may be detected in some portions. At Chapel Hill the same bed becomes 
a coarse pisolitic crystalline rock, with many shells allied to Phasianella and Arca 
covering the surface of the blocks. At Barnack this bed is also a compact pisolitic 
rock full of numerous minute shells, frequently in a good state of preservation, as 
Cerithium, Trochus, Turritella, and many small plicated and smooth Terebratule. 
This bed and the subjacent one have long been celebrated as a durable building 
stone, and under the name of Barnack rag have from a very early period been ex- 
tensively quarried in this neighbourhood. The numerous churches and other build- 
ings constructed of this material, attest its durability as well as the antiquity of the 
quarries. The following buildings are among the principal for which it was used, 
—the churches of Stamford, Barnack, Ufford, Bainton, Market Deeping, Spalding, 
Boston ; also Burghley House and Peterborough Cathedral. The pillars however of 
this cathedral were made from the Allerton marble (as it is called) not far distant, 
and probably belonging to the Forest marble. 

Any details respecting the Ketton freestones are unnecessary, as they have long 
been known and extensively used, and like those of Bath and elsewhere, become 
considerably indurated by exposure. 

The lower series of these beds (great oolite) consist of cream-coloured marly lime- 
stones containing zones of shells, of which the Nerinea cingenda and other species, 
Lucina, Pholadomya, Modiola plicata, are abundant, with patches of fragments of 
ferns (Pecopterts polypodioides) and other plants (Zamifee), not occurring in regular 
layers ; below these are beds of sand and sand-rock, underlaid by compact crystal- 
line oolitic ragstone with Nerinza and fragments of ferns; below this is a concre- 
tionary bed of sand with irregular cylindrical ramose bodies of sandstone, resembling 
fucoid stems, assuming sometimes a very singular arrangement, as at Wittering ; to 
these succeed the calcareo-siliceous beds, gray and brown, separating after exposure 
into flags and slates, as at Collyweston and Easton; and sometimes these beds con- 
tain concretionary masses, varying in size, of a flattened spherical form *, resembling 
the Whinstones or potlids of Stonesfield, and like them split, not concentrically, but 
horizontally ; these beds vary somewhat in their fissile character in this district, 
but they generally contain many fossil testacea and fragments of plants, especially 
at Collyweston and Wittering; but these localities do not appear to abound in that 
rich and varied fauna, comprising the remains of mammailia, saurians and fishes, for 
which the coeval beds at Stonesfield are so celebrated. Fuller details of the mineral 
character of the different beds, of which the above is but a general outline, will be 
found in the quarry sections previously given. 

The Fuller’s earth clay appears to be generally absent, although slight traces of a 
gray clay are visible a little west of Stamford, but few indications appear elsewhere. 
The inferior oolite, consisting of ferruginous sand and sand-rock, containing casts 
of bivalve shells, Trigonia, &c., does not in the immediate vicinity of Stamford attain 
an important thickness, but its relative inferior position to the slaty beds previously 
adverted to is well exhibited in many localities, as in the section exhibited at 
Dean near Blatherwick ; the junction of these beds may also be observed in the 
railway cutting near Stamford, where the ferruginous beds are seen dipping beneath 
the great oolite, their inclination being due to a slight disturbance that has affected 
them. The slates may aleo be seen overlying the inferior beds at the railway 
cutting near Luffenham Mill and at the tops of Morcot and Manton tunnels, where 
the junction of the ferruginous beds with the upper lias may also be traced. 

The limited extent as regards thickness of the inferior oolite, the absence of the 


* When of a certain size, these spherical flags are divided in half, and form an excellent 
and useful material for the coping of walls. 

The Collyweston slates have been worked for a considerable period, as we find them 
alluded to in the time of Henry VII. as the slate mines. 
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Faller’s earth rock, as well as the fact that no beds referrible to the Bradford clay have 
been detected in the district embraced in this notice, fully corroborate the opinion 
previously published by Professor J. Phillips, that ‘‘in the midland counties, the 
Fuller’s earth rock of Mr. Smith does by no means furnish a constant or well- 
marked line of distinction between the middle (great or Bath) oolite and the inferior 
oolite ; and I am decidedly of opinion, that in the northern part of Northamptoo- 
shire, and throughout Rutland and Lincolnshire, there is but one thick oolitic rock 
beneath the cornbrash, resting upon brown sandstone, which immediately covers 
the upper lias shale.”” (Geol. York, vol. i. p. 130.) 

The upper lias which forms the base of the series here described, occurs in the 
valley through which the Welland flows; small sections are exposed in the railway 
towards Luffenham, near which place there is a deep cutting in the same bed, con- 
taining much selenite, and the characteristic fossils, as 4m. Walcotii, A. commusis, 
Am. ?, Nucula ovum, Inoceramus dubsue, and Belemnites. 

Faults and Subsidencee. 

It has not been found practicable to trace with precision the faults which have 
more or less affected this series of beds. Near Thrapston, however, a slight dislo- 
catiou is visible on the line of the Peterborough and Northampton railway, affecting 
the cornbrash, great oolite and inferior oolite. 

A small disturbance of the inferior oolite near Stamford has been before alloded 
to; and some very interesting appearances of disturbed stratification, in which the 
lower slaty beds and inferior oolite are lying at various angles and much confused, 
are seen at the cutting near Luffenham Mill and along the railway line beyond this 
point. Similar evidences exist near Stamford, and it appears generally the case (at 
least numerous instances are visible) that those portions of the oolitic series which 
abut upon the valleys and form the lower escarpments of the hills have been sub- 
jected to some disturbance, the beds having been displaced or brought down from 

igher levels, as they do not appear to occupy their original horizontal position and 
relative heights. (Outlines, 'p. 215.) 
General Observations. 

Having thus attempted a prief review of the stratigraphical arrangement end 
mineral characters of these deposits, we shall conclude with a few general obeerva- 
tions regarding the analogies of these beds and the conditions under which they 
were accumulated. 

To the lias clay, with its characteristic fossils and the inferior oolite, here of 
limited thickness, but swelling out considerably westward, a new series of effects 
succeeds, indicating not only a change in the depositing materials, but in the 
character of the fauna; for although some of the species may belong to the lower 
beds, a considerable introduction of new species is evident. These flaggy beds or 
Collyweston slates which succeed, have been shown to possess a considerable range 
in this district, and to underlie the mass of the great oolite, thus being analogous in 
position to the slates of Stonesfield, for the correct location of which we were first 
indebted to the laborious researches of Mr. Lonsdale; nor do they differ much in 
lithological character and zoological contents from the Stoneefield deposit, or from 
similar strata reposing at the base of the great oolite in the Cotteswold hills, and 
described by Messrs. Strickland and Buckman in the new edition of the ‘ Geology of 
Cheltenham.’ Many fossils are associated with these slates, which are finely lami- 
nated, indicating a quiet accumulation of the materials, and a condition favourable 
to the existence of the testacea (as proved by the various sizes of growth of the 
species here allocated) ; for although fragments of ferns and other land plants are 
mixed with the shells in some places, indicating transporting powers, yet these may 
have been slowly drifted along from the neighbouring land. 

The principal fossils obtained from these beds at Collyweston (a rich jocality) 
and other places are the following, which appear to be mostly common to the 
Stonesfield slate of other districts :— 

Trigonia angulata, Sow. Pecten paradoxus, Munst, 
impressa, Soto. obscurus, Sow. 


Cucullea cancellata, Pati. Pinna ? 
Gervillia acuta, Sow. Avicula Munsteri, Goldf. 
Cardium cognatum?, Pal. Nerinwa ——? 


Isocardia concentrica, Sow. 
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At Edith-Weston a species of Lingula, near to, if not identical with, L. Beanit 
(Phillips), occurs in great abundance, indicating like the recent congeners its gre- 
garious habits, and there mixed up with numerous fragments of the Pecopteris poly- 
pedioides in fractification. 

A concretionary sand-bed sometimes succeeds the Stonesfield slate, and this is 
overlaid by beds of oolitic ragstone and indurated marly limestone, which are 
tolerably rich in fossil shells, zones of Nerinea occurring in both with Lucina lirata, 
Modiola plicaia, &c.; but a marked feature in these beds is the frequent occurrence 
in patches of fragments of the Pecopteris polypodioides, a fern also abundant in the 
carbonaceous shales of Gristhorpe Bay, Yorkshire. The dissimilarity of the great 
oolite series (in its carbonaceous shales) with that of other parts of England is very 
striking, and the abundance of land plants, their mode of deposition, as well as the 
general absence of marine testacea and the occurrence of fluviatile remains, as the 
Cypris and Unio described by Mr. Bean, and other species of which also exist in 
the collection of Professor Phillips, indicate that they must have been deposited 
either in an estuary or not far distant from the ancient shore. The occurrence of 
similar species of Jand plants as the Pecopterts polypodioides, equally abundant and 
in the same state of preservation around Stamford as on the Yorkshire coast, but at 
the former place associated with marine shells, seems to point out the seaward ex- 
tension of these beds and their coeval nature, more especially as many of the shells 
here associated with the plants are also found in the oolitic beds of Yorkshire, which 
are intercalated with the carbonaceous series containing the vegetable remains. 

That fluvio-marine beds may have existed at all periods of the earth’s surface, is a 
point for farther inquiry; but at least where land existed either insular or continental, 
small or large streams may have emptied themselves into the ancient hydrographical 
basins, carrying with them the spoils and detritus of the land. We have evidence 
of such conditions during the Carboniferous and partly also in the Triassic sera, and 
during the Oolitic epoch similar proofs are not wanting; the beds mentioned by Mr. 
Robertson in Scotland, and the carbonaceous series of Yorkshire described by Pro- 
fessor Phillips, are instances of fluvio-marine deposits, and are well contrasted with 
the really fluviatile or true Wealden so well elucidated by Dr. Mantell, although 
this too must have had its fluvio-marine extension. To the beds last described 
succeed the upper portions of the great oolite, well marked in some beds by a pre- 
ponderance of oviform bodies which form the mass of the rock and constitute the 
freestone stratum, in which organic remains are but sparingly distributed ; the crash 
or rag beds which overlie these last, and consisting of comminuted shells, &c.} afford 
evidence of greater transporting powers, or of accumulations in a shallow sea ; the 
abundance of Cerithium, Turritella, Rissoa, &c. is a marked feature in these beds. 
To the latter succeed a series of laminated shales and clays, with layers of shells 
(one with numerous Newrz) and carbonaceous matter, proving a considerable change 
in the area of deposition, both as regards the nature of the material and the dimi- 
nished power of the transporting currents. These beds are interesting, inasmuch 
as on the one hand they may represent the upper carbonaceous stratum of the 
Yorkshire coast, or on the other, be considered as the equivalent of some portion of 
the Bradford clay and Forest marble of the south. 

The following conclusions may be stated as resulting from the above communi- 
cation :— 

“ That the Ketton and Casterton freestone beds are analogous to those of Bath 
and the south-west of England. 

‘* That the Collyweston slate extending over a considerable space in this district 
and reposing at the base of the great oolite, but not independent of it, is analogous 
in position to the Stonesfield slate near Oxford and in the Cotteswold hills, not 
differing materially from it in mineral character, and contains many of the same 
fossil remains. 

‘That the Collyweston slates and associated beds, although probably coeval 
with the carboniferous shales and Bath oolite of the Yorkshire coast, appear to have 
been accumulated in a deeper part of the oolitic ocean, or at least further removed 
from the ancient shore.” 
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MECHANICS. 


On the Advantages to be obtained by the adoption of the Elastic Malleable 


Iron Tube, as a means of developing the principle of Atmospherte Propul- 
sion on Railways. By Messrs. CLARKE and VARLEY. 


(The invention may be seen at work on an experimental line of 300 feet in length, 
with a tube of 15 inches in diameter, near the Poplar Station of the London and 
Blackwall Railway.) 


On the Turbine. By J. Giynn, F.R.S. 
(Printed among the Reports, p. 147.) 


Experiments on the Strength of Iron Columns. 
By Professor E. Hopcxinson, F.2.S. 


On the Application of the Wave System of Mr. Scott Russell to the Con- 
struction of Sailing Vessels. By J. P. Pures. 


On the Iron Loch-gates of Sevastopol. By G. Renniz, F_R.S. 


De} 


On an Apparatus for giving Light under Water in Diving operations. 
| By W.S. Warp. 

The apparatus consists of a reservoir composed of several copper tubes (in the 
present apparatus seven) 14 inch in diameter and 9 inches long, put together like 
a faggot, so as to give great strength in case the mixed gases with which they are 
filled should by accident explode. Six of the tubes are arranged round the centre 
one and soldered into a piece of brass drilled so as to connect them all; and in ths 
apparatus mixtures of oxygen and hydrogen and of oxygen and carburetted hydrogea 
were repeatedly exploded to prove its safety. The apparatus is very portable, of 
small size, not heavier than to prevent its buoyancy in water, and is capable of giving 
a light equal to five or six candles for about a quarter of an hour. The mixed gases, 
after passing through a Hemming’s jet, issue through a small aperture so as to ignite 
a ball of lime, producing a small but very brilliant hight, which is covered by an in- 
verted bell-glass placed in a shallow vessel of water, so that the products of cuom- 
bustion escape under the edge of the inverted glass shade. In this form it may be 
used with great facility in moderate depths of water, the chief requisite being to im- 
merse it quickly before the glass shade becomes so hot as to be broken by the con- 
tact of cold water. The gases are compressed into the reservoir by a force-pump; 
and common coal gas is preferred to be mixed with the oxygen gas, the former being 
in excess, so that the carbonic acid which results from the combustion may effec- 
tually keep out the water from the glass shade. This pressure is ten atmospheres. 
The coal gas is more manageable than pure hydrogen, the most intense part of the 
flame being further distant from the aperture of the jet, and having so little effect in 
destroying the lime ball, that it does not require to be often turtied ; and the mixed 
gases are scarcely liable to explosion unless the aperture be of much greater dia- 
meter than is requisite in this apparatus. It is submitted that this apparatus may 
be useful to divers inspecting the holds of sunken ships and other dark places at 
moderate depths under water. 
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from a centre, 77. 

——, vibratory, resulting from disturbances 
of which the original sphere is not small, 
86. 

——, on atmospheric, 35]. 

Whewell (Rev. Dr.) on an expedition for the 
purpose of completing our knowledge of 

the tides, 134. 
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Acakrl, on the structure of the larva of | Adams (J.C.) on a new calculation of the 


certain, 74. 
Acid, on a peculiar formation of permanganic, 
7 


,on the products of the decomposition of 
chrysammic, 58. 

Acland (Sir T. D.) on a remarkable move- 
ment of the Sulden glacier under the side 
of the Ortler Berg, in 1815-J6, and in 
1845-46, 60. 


perturbations of Uranus by the planet 
Neptune, 7. 

Addison (Dr.) on the forces concurring in the 
phenomena of human life, 89. 

Africa, on certain new Vocabularies from the 
eastern coast of, 119. 

Agra government, revenue statistics of the, 
109 


Agricultural chemistry, experiments on sube 
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jects connected with vegetable physiology 
and, 82. 

Ague, on the supposed antagonism between 
consumption and, 94. 

Alcohol, on a property of, 51. 

Alder (Joshua) on the animal of Lepton 
squamosum, 73. 

—— on British Mollusca, with descriptions 
of new species, 73. 

Aleutian islanders, on the, 127. 

Alge, on an apparently undescribed genus of 
freshwater, 81. 

Allman (Prof.) on the locomotive larva of 
Plumatella fruticosa, 74. 

-——— on the development of Notodelphys, 
4lim., a new genus of Entomostraca, 74. 
—— on the structure of the larva of certain 

Acari, 74. 

-—— on a peculiarity in the structure of the 
stomata of Ceratopteris thalictroides, 81. 
on an apparently undescribed genus of 

freshwater Algze, 81. 

Alten, advantages derivable from magnetic 
and electro-meteorological observations at, 
34. 

Awerican Indians, on the Nehanni tribe of a 
Koloochian class of, 121. 

Amphioxus lanceolatus, on the corpuscles of 
the blood of, 95. 

Analysis, on a new potash apparatus for or- 
ganic, 57. 

Anemometers, on, 40. 

Anemometrical observations made at Oxford 
during two years, report of, 46. 

Animaleules from Barbados, on a new section 
of, 70. 

Antarctic ocean, on the diatomaceous vege- 
tation of the, 83. 

Apjohn (Dr.) on the composition and optical 
properties of a variety of hyalite from 
Mexico, 31. 

Arnott (Dr.) on the regulation of combus- 
tion, 47. 

Astronomical or other purposes, improved 
method of producing and applying very 
fine wire of gold or platinum for, 42. 

Atmosphere, on the moon's, 8. 

» observations made to determine the 

variations of the laws of terrestrial magnet- 

ism with respect to height in the, 19. 

, on the polarization of the, 32. 

Atmospheric propulsion on railways, on the 
adoption of the elastic malleable iron tube 
as a means of developing the principle of, 
132. 

Attraction, on the general nature and laws of 
electrical, 23. 

Aurora, on the cause of the, 41. 

Auroral arches, on the height of, 7. 

Automatic registration of the declinometer, 
on the results obtained by, 40. 


Bache (Prof. A.), map of the coast survey of 
the United States, 39. 

Bain (Alexander) on electric clocks, 23. 

Baird (Dr.) on the genera Nebalia, Leach, 
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Chirocephalus, Prevest, and Branchipu, 
Schaffer, 74. 

Barbados, on a new section of animalcules 
from, 70. 

, on the geological structure of, 70. 

Barlow (W. H.) on the existence of alter- 
nating diurnal currents of electricity at the 
terrestrial surface, and their connexion 
with the diurnal variation of the magnetic 
needle, 21. 

Barometrical levelings in the Madras pre- 
sidency, 42. 

Beke (C. T.) on the origin of the Gallas, 113 

Bengal, revenue statistics of the N.W. pre- 
vinces of, 109. 

Berber, on the Ghadamsi dialect of, 124. 

Biliary concretions, on, 59. 

Billet (James) on the vital principle, 91. 
Birds, periodical, observed in 1846-47, at 
Lianrwst, 75. ; 

, on the history of the Dodo and other 
allied species of, 79. 

Birkenhead, on an extraordinary mirage at, 
39 


Blackwall (Johu), periodical birds observed 
in the years 1846-47, near Llanrwst, 75. 

Blind, on the, 92. 

Blood, on the physiological condition of the, 
in erysipelas, 94. 

, on the corpuscles of the, of Amphioxus 
lanceolatus, 95. 

Boguslawski (Prof.) on the formation of ceal, 
&c., 66. 

Bombay, on the magnetic and meteorologic 
observatory at, 28. 

Boole (George) on a method of definite in- 
tegration, 1. 

Boracite, on an amorphous, 55. 

Borchardt (M.) sur le principe du dernier 
multiplicateur dans les problémes de mé- 
canique, 1. 

Botany, 81. 

Botocudo vocabulary, on a, 123. 

Bowman (William) on some points in the ans- 
tomy of the eye, chiefly with reference te 
its power of adjustment, 91. 

Branchipus, on the genus, 74. 

Brewster (Sir David) on the polarization of 
the atmosphere, 32. 

on a new species of polarization related 

to the direction of the grooves in grooved 

surfaces, 32. 

on the dark lines in the portion of the 

red space beyond the red extremity of the 

spectrum as seen by Fraunhofer, 33. 

on the functions of the membranes of 

the eye at the foramen centrale of Soem- 

mering, 33. 

on the conversion of relief in a drawing, 

by inverting the drawing and viewing it 

with a lens of a short focus, 33. 

on the diffraction bands produced by 
the edges of thin plates, whether solid or 
fluid, 33. 

Briggs (Major-Gen.) on the aboriginal tribes 
of India, 118, 
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Brisbane (General Sir T. M.), observations 
made at the expense of, to determine the 
variations of the laws of terrestrial magnet- 
ism with respect to height in the atmo- 
sphere, 19. 

Britain, on the comparison of the flora of, 
with that of other countries, 87. 

Brooke (C.) on the results obtained by auto- 
matic registration of the declinometer, 40. 

on some phenomena of photography, 48. 

Broun (J. A.), observations made to deter- 
mine the variations of the laws of terres- 
trial magnetism with respect to height in 
the atmosphere, 19. 

on the diurnal motion of a magnet 
freely suspended in the direction of mag- 
netic dip, 20. 

Buckman (James) on the occurrence of ma- 
rine plants in Worcestershire, 61. 

on the discovery of some new Cystideans 
from the Wenlock shale near Walsall, 61. 

Bunsen (Chevalier) on certain new vocabu- 
laries from the easteru coast of Africa, 119. 

Buriats, on the, 127. 

Busk (George) on the employment of gutta 
percha for modelling, 81. 

on the use of gutta percha for making 

moulds for casts of objects in natural hi- 

story, &c., 92. 


Caldecott (John), Prof. J. Forbes on the tem- 
perature of the earth at Trevandrum, from 
the observations of, 40. 

Callidium Bajulum, on timber attacked by the 
larve of, 85. 

Canna Indica, some experiments on the roots 
of the, 85. 

Cardiganshire, on the origin of the existing 
physical outline of a portion of, 66. 

Carpenter (Dr.) on photography applied to 
microscopic objects, 48. 

Carrington (F. A.) on geographical maps and 
models, 63. 

Catalytic bodies, on decompositions produced 
by, 57. 

Ceratopteris thalictroides, on a peculiarity in 
the structure of the stomata of, 81. 

Cerealia and other edibles of India and En- 
gland compared, prices of, 107. 

Challis (Rev. Prof.) on a new theory of the 
polarization of light, 1. 

Chemica! philosophy, on the bearings of pho- 
tography on, 56. 

Chemistry, 47. 

, experiments on subjects connected with 
vegetable physiology and agricultural, 82. 

Chersonese, on the races of the Cimbric, 126. 

Chevallier (Rev. Prof.) on the height of 
auroral arches, 7. 

on a graphical method of computing an 
occultation, 7. 

China, on the tribes between India and, 127. 

Chippewyan Indians, on the, 119. 

Chirocephalus, on the genus, 74. 

Christiania, meteorological observations made 
at, in 1846, 33. 


Chronometers, on improvements in, 42. 

Cimbric Chersonese, on the distribution of 
population in the, 79. 

Clarke and Varley (Messrs.) on the advantages 
to be obtained by the adoption of the elastic 
malleable iron tube, as a means of develop- 
ing the principle of atmospheric propulsion 
on railways, 132. 

Claudet (M.) on different properties of the 
solar radiation in producing or preventing 
a deposit of mercury on silver plates coated 
with iodine or its compounds, with chloride 
or bromine, modified by coloured glass 
media and the vapours of the atmosphere, 

“—— on different properties of the solar ra- 
diations which have permeated coloured 
media, in influencing the conditions of Da- 
guerreotype plates, 80 as to receive or re- 
ject mercurial vapour, 48. 

Clay, on detritus derived from the London, 
and deposited in the red crag, 64. 

Clocks, electric, 23. 

Coal, on the formation of, 66. 

Coal beds, on a new species of Nautilus fram 
the Halifax, 64. 

Coal-fields, on the plants of the New South 
Wales and Van Diemen’s Land, 64. 

Cockburn (Capt.) on anemometers and re- 
solving scales, 40. 

Coin, silver, on the variations in the supply 
of, in Ireland, during the operations for the 
relief of distress in 1846-47, 97. 

Combustion, on the regulation of, 47. 

Comets, on the calculation of the perturba- 
tions of, 9. 

Cométes périodiques de Lexel de Faye et de 
Vico, sur les, 19. 

Conduction, on the nature of, 27. 

Conductors, metallic, on some recent and re« 
markable examples of the protection af- 
forded by, against heavy strokes of light- 
ning, 23, 

Connell (Prof.) on the precipitate caused in 
spring and river waters by acetate of lead, 


on sulphato-chloride of copper—a new 
mineral, 49, 

Consumption and ague, on the supposed an- 
tagonism between, 94. 

Copper, on sulphato-chloride of, 49. 

Cornish fauna, notice of additions to the, 78. 

Crag, on detritus derived from the London 
clay, and deposited in the red, 64. 

Crawford (John) on the Malay languages, 
119. 

Crime, on, 101. 

Criminal tables for 1845—46, on the influence 
of education, shown by facts recorded in 
the, 109. 

Crops, on the inorganic constituents of root, 


Crowe (J. R.), meteorological observations 

made at Christiania in 1846, 33. 
Crystallization, on a new principle of, 58. 
———=- under extreme pressure, 60. 
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Crystals, on a specimen of artificial Hum- 
boldtite or melilite in large, 57. 

Cullen (General), barometrical levelings in 
the Madras presidency, 42. 

Cystideans, on the discovery of some new, 
from the Wenlock shale near Walsall, 61. 


Daguerreotype plates, on different properties 
of the solar radiations which have per- 
meated coloured media, in influencing the 
conditions of, so as to receive or reject 
mercurial vapour, 48. 

Dale (Mr.) on a proposed optica)] experi- 
ment, 37. 

Daubeny (Dr.) on the nutritive value of 
different kinds of food, 49. 

-——, experiments on subjects connected with 
vegetable physiology and agricultural che- 
mistry, 82. 

Davidow (M.) on the theory of equilibrium 
of floating bodies, 1. 

Deaf, on the, 92. 

Declinometer, on the results obtained by 
automatic registration of the, 40. 

Denmark, statistical remarks relating to the 
several states under the crown of, 96. 

De Rosen (Count Adolphe) on maps of 
Sweden, 1. 

Detritus derived from the London clay and 
deposited in the red crag, 64. 

De Vrii (Dr.) on biliary concretions, 59. 

-——— on the analyses of the inorganic consti- 
tuents of organic bodies, 59. 

Dew-point, on a chart of the, 42. 

Diamond, on specimens of, subjected to in- 
tense heat, 50. 

Diatomacez, on conjugation in the, 87. 

Dimyaria, 76. 

Dodo, on the history of the, 79. 

Drawing, on the conversion of relief in a, by 
inverting it, and viewing it with a lens of a 
short focus, 33. 

Dredging researches in progress, on, 77. 

Dumb, on the, 92. 

Duncan (Mr.), remarks during a journey from 
Whydah to Adafoodia, 119. 


Earth, on changes in the position of the 
transit-instrument attributed to the tem- 
perature of the, 37. 

—,on the temperature of the, at Trevan- 
drum, 40. 

Earthquakes In Tuscany in August 1846, on 
Prof. Savi’s work on the phenomena ob- 
served during the, 63. 

Eclipse of October 1847, on the, 16. 

Education, on, 101. 

, on the influence of, shown by facts re- 
corded in the criminal tables for 1845~—46, 
109. 

Educational establishments specially adapted 
to those persons born with a feeble or imper- 
fect mental organization, on the want of, 97. 

Ehrenberg’s Polycystina, on, 70. 

Elasticity, on the defect of, In metals subject 
to compression, 43. 
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Electric currents by which the phenomena of 
terrestrial magnetism may be produced, 38, 

—— clocks, on, 23. 

fluid, on the singlenese of the, 97. 

Electrical images, on, 6. 

attraction, on the general nature and 
laws of, 23. 

Electricity, on the existence of alternating 
diurnal currents of, at the terrestrial ser- 
face, and their connexion with the diurnal 
variation of the magnetic needle, 21. 

, on the antagonism of heat and, 97. 

Electrolyte, on the quantity of electrelysis as 
affected by the extent of the sectional area 
of the, 52. 

Electro-meteorological observatory et Alten, 
on the establishment of an, 34, 

Emibleton (Dr.) on the anatomy of Scylizs, 


England, prices of the cerealia and other 
edibles of India and, compared, 1067. 

Entomostraca, new genus of, 74. 

Eocene beds of the Hordle Cliff, on the fossils 
obtained from the freshwater, 63, 65. 

Equilibrium of floating bodies, on the theory 
of, 1. 

, on the fundamental laws of, 5. 

Erysipelas, on the physiological condition of 
the blood in, 94. 

Ethnology, 1153. 

, on the position of, as a science, 126. 

Evaporation, on the cause of, 41. 

Eye, on the funotions of the membranes of 
the, at the foramen centrale of Soemmer- 
ing, 33. 

~~, on some points in the anatomy of the, 
91. 


Faraday (M.) on the magnetic condition of 
matter, 20. 

Fauna, notice of additions to the Cornish, 78. 

of Sweden, on the changes in the, 79. 

of Ireland, on additions to the, 80. 

Fazoglo words from Dr. Tutechek’s vocabe- 
lary, on some, 124. 

language, on a vocabulary of the, 136. 

Fisheries, on the resources of the Irish Sea, 
110. 

Floating bodies, on the theory of equilibriam 
of, 1. 

Flora of Britain, on the comparison of the, 
with that of other countries, 87. 

Fluid, on the resistance of a, te two cecills- 
ting spheres, 6. 

Food, on the nutritive value of different 
kinds of, 49. 

Foramen centrale of Soemmering, on the func- 
tions of the membranes of the eye at the, 
33. 

Forbes (Prof. E.) on the families of British 
Lamellibranchiate Mollusca, 75. 

on dredging researches in progress, 77. 

Forbes (Prof. J. D.) on the temperature of 
the earth at Trevandrum, from the obser~ 
vations of John Caldecott, 40. 

Forster (Dr.) on meteors, 8. 
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Fossils from the freshwater eocene beds of 
the Hordle Cliff, 65. 

Fowler (Dr.) on the blind and deaf and 
dumb, 92. 

-—« of two pony foals in some points re- 
sembling stags, 93. 

Prance, ethnological outlines of, 127. 

Fraunhofer, on the dark lines in the portion 
of the red space beyond the red extremity 
of the spectrum as seen by, 33. 

French language, on the, 123. 

Freshwater eocene beds of the Hordle Cliff, 
on the, 63. 

—-, on the fossils obtained by the Marchio- 
ness of Hastings from the, 65. 

Functions, on the summation of certain cir- 


, 5. 


Gallas, on the origin of the, 113. 

Galvani¢ connexion, on, 27. 

Galvanometer, on a new, 60. 

Gaskell (D.) on the want of educational esta- 
blishments specially adapted to those per- 
sons born with a feeble or imperfect mental 
organization, 97. 

Geographical maps and models, on, 63. 

Geography, physical, 60. 

, addendum to, 127. 

Geological maps, on a system of colour for 
all, 69. 

-—— structure of Barbados, on the, 70. 

Geology, 60. 

see, addendum to, 127. 

—— of the N.E. extremity of Russia in Eu- 
rope, on Count Keyserling’s, 65. 

of the neighbourhood of Stamford and 
Peterborough, on the, 127. 

Ghadamsi dialect of Berber, on the, 124. 

Glacier, on a remarkable movement of the 
Sulden, under the side of the Ortler Berg, 60. 

Glass, on the coloured, employed in glazing 
the new palm house in the Royal Botanic 
Garden at Kew, 51. 

Glynn (J.) on the turbine, 132. 

Gold, improved method of producing and 
applying very fine wire of, for astronomi- 
cal or other purposes, 42. 

——, on two new salts of, 57. 

Goodman (John) on 4 new and practical vol- 
taic battery of the highest powers in which 
potassium forms the positive element, 50. 

on the physiological condition of the 
blood in erysipelas, and In some other cases 
of inflammation, 94. 

Greene (Dr.) on a property of alcohol, 57. 

Grooby (John) on the moon’s atmosphere, 8. 

Groshaus (Dr.) on the supposed antagonism 
between consumption and ague, 94. 

Grove (W. R.) on the quantity of electrolysis 
as affected by the extent of the sectional 
area of the electrolyte, 52. 

Gutta percha, on the employment of, for mo- 
delling, 81. 

, on the plant which yields, 86. 

, on the use of, for making moulds for 

casts of objects in natural history, 92. 


Hailetones, on the cause of, 41. 

Hamilton (Prof. Sir W. R-) on ant isoperime- 
trical problem treated by the calculus of 
quaternions, 4. 

on some applications of the calculus of 
quaternions to the theory of the mcon, 4. 

Hamilton (W. J.) on Prof. Savi's work on 
the phenomena observed during the earth- 
quakes in Tuscany in August 1646, 63. 

Hancock (A.) on British Mollusca, with de- 
scriptions of new species, 73. 

on the anatomy of Scyllea, 77. 

Hancock (W.N.) on the variations in the 
supply of silver coin in Ireland during the 
Operations for the relief of distress in 
1846—47, 97. 

Harper (Mr.) on galvanic connezion, 27. 

Harris (Sir W. 8.) on some recent and fre- 
markable examples of the protection af- 
forded by metallic conductors against heavy 
strokes of lightning, 238. 

—— on the general nature and laws of elece 
trical attraction, 23. 

Hastings (Marchioness of) on the freshwater 
eocene beds of the Hordle Cliff, Hants, 68. 

-—— on the fossils obtained by the, from the 
freshwater eocene beds of the Hordle Cliff, 
65. 

Haughton (Sir Graves C.) on the antagonism 
of heat and electricity; and also of the 
singleness of the electric fluid, with some 
remarks on the nature of conduction and 
induction, 27. 

Heat and electricity, on the antagonism of, 27. 

——~, on specimens of diamond subjected to 
intense, 50. 

——, on the mechanical equivalent of, 55. 

Henfrey (Arthur) on the anatomy of mono- 
cotyledonous stems, 82. 

Henslow (Rev. J. 8.) on detritus derived from 
the London clay and deposited in the red 
crag, 64. 

Hodgkinson (Prof. E.) on the defect of elus~ 
ticity in metals subject to compression, 43, 

o—— on the strength of iron columns, 132. 

Hooker (Dr.) on the diatomaceous vegetation 
of the Antarctic ocean, 83. 

Hordle Cliff, on the freshwater eocene beds 
of the, 68, 65. 

Huggate, meteorological observations at, 18. 

Human life, on the forces concurring in the 
pheenomena of, 89. 

Humboldtite, on a specimen of, in large cry 
stals, 57. 

Hunt (R.) on the coloured glass en:ployed in 
glazing the new palm house in the Royal 
Botanic Garden at Kew, 51. 

Huxley (T. H.) on the corpuscles of the blood 
of Amphioxus lanceolatus, 95. 

Hyalite from Mexico, on the composition and 
optical properties of a variety of, $1. 

Hypanthocrinites, new species of, 61. 


Ibbetson (Capt. L. L. B.) on the geology of 
the neighbourhood of Stamford and Peter- 
borough, 127. 
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lliff (W. Tiffin), experiments on the roots of 
the Canna Indica, with reference to their 
value in an economical point of view, 85. 

Images, on electrical, 6. 

India, on the aboriginal tribes of, 118. 

-—— and China, on the tribes between, 127. 

and England, prices of the cerealia and 
other edibles of, compared, 107. 

Indians, on the Chippewyan, 119. 

, on the Loucheux, 121. 

, on the Nehanni tribe of a Koloochian 
class of American, 121. 

Indo-Germanic languages, on the lexico- 
graphy of the Semitic and, 121. 

Induction, on the nature of, 27. 

Inflammation, on the probable physiological 
condition of the blood in some cases of, 92. 

Inglis (Dr. James) on a new species of Nau- 
tilue from the Halifax coal beds, 64. 

Insects, on certain blind species of, 81. 

Integration, on a method of definite, 1. 

Ireland, on additions to the fauna of, 80. 

, On the variations in the supply of silver 
coin in, during the operations for the relief 
of distress in 1846-47, 97. 

-——, scheme for improving the condition of 
labourers, tried at Ralahine, co. Clare, 98. 

Irish Sea fisheries, on the resources of the, 
110, 

dron columns, on the strength of, 132. 

Iron-built vessels, on the defects of, and 
danger arising from the use of corrective 
magnets for local attraction on the com- 
passes of, 31. 

Isbister (A. K.) on the Chippewyan Indians, 
119. 

, on the Loucheux Indians, 121. 

, on the Nehanni tribe of a Koloochian 
class of American Indians, 121. 

Italian peninsula, on the oaks to be found in 
the, 89. 


Jarrett (Rev. Prof.) on the summation of 
certain circular functions, 5. 

on the lexicography of the Semitic and 
Indo-Germanic languages, 122. 

Jenyns (Rev. L.) on timber attacked by the 
larve of Callidium Bajulum, 85. 

Joule (J. P.) on the mechanical equivalent of 
heat, as determined by the heat evolved by 
the agitation of liquids, 55. 


Karsten (Dr. M.) on an amorphous boracite, 
55 


Kent’s Cavern, on the phenomena of, 73. 

Kew observatory, observations made at the, 30. 

Keyserling’s (Count) Geology of the N.E. 
extremity of Russia in Europe, on, 65. 


Labourers, on improving the condition of, 
tried at Ralahine, co. Clare, Ireland, 98. 
Lamellibranchiate Mollusca, on the families 
of British, 75. 

Lamont (Dr.) on magnetographic instruments, 
and observations made with the same at 
Munich, 25. 
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Languages, on the Malay, 119. 

Lane (Dr.) on the French language, 123. 

Lankester (Dr. E.) on the plant which yiel&s 
gutta percha, 86. 

Larva of certain Acari, on the structure d 
the, 74. 

of Plumatella fruticosa, on the locome 

tive, 74. 

of Callidium Bajulum, on timber s- 
tacked by the, 85. 

Latham (Dr.) on the Shyenne numerals, 123. 

on a Botocudo vocabulary, 123. 

on some Tumali words from Dr. Tx- 

schek’s vocabulary, 123. 

on a Moskito grammar and vocabulzry, 
123. 

—— on some Fazoglo words from Dr. Tu 
schek’s vocabulary, 124. 

Lawson (Henry) on spots in the sun, 9. 

Lead, on the precipitate caused in spring asd 
river waters by acetate of, 48. 

Lee (Dr.) on the advantages derivable fros 
magnetic and electro-meteorological ob- 
servations at Alten, in Lapland, 34. 

Lepidosiren, on the, 78. 

Lepton squamosum, on the animal of, 73. 

Leverrier (Prof.) sur les cométes périodiques 
de Lexel de Faye et de Vico, 19. 

Life, on the forces concurring in the phese- 
mena of human, 89. 

Light, on a new theory of the polarization of, 1. 

, On anomalies in the dispersion of, 37. 

=——, on the directions of plants as influenced 
by, 55. 

under water, on an apparatus for giving, 
in diving operations, 132. 

Lightning, on some recent and remarkable ex- 
amples of the protection afforded by me- 
tallic conductors against heavy strokes of, 
23. 

Liquids, on the mechanical equivalent of best, 
as determined by the heat evolved by the 
agitation of, 55. 

Llanrwst, periodical birds observed in the 
years 1846—47 near, 75. 

Lock-gates of Sevastopol, on the iron, 132. 

Lothian (J.) on a triple differential wheel, 18 

Lubbock (Sir J. W., Bart.) on the calculation 
of planets and comets, 9. 


Maccaire (Prof.) on the directions of plants 
as influenced by light, 55. 

Madras presidency, barometrical levelings in 
the, 42. 

Magnetic observations made at Mopich, 25. 

and meteorologic observatory at Bom- 

bay, on the, 28. 

observatory at Alten, on the establish- 
ment of a, 34. 

Magnet, on the diurnal motion of a, freely 
suspended in the direction of magnetic dip, 
20. 

Magnets, on the defects of, and danger arising 
from the use of corrective, for local attrac- 
tion on the compasses of iron-built vessels, 
31. 
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Magnetism, observations made to determine 
the variations of the laws of terrestrial, 
he respect to height in the atmosphere, 


——,on the electric currents by which the 
phenomena of terrestrial, may be produced, 
38 


Magnetographic instruments, observations 
made with, at Munich, 25. 

Malay languages, on the, 119. 

Maps, on geographical, 63. 

BD on a system of colour for all geological, 


Maskelyne (N. S.) on the bearings of photo- 
graphy on chemical philosophy, 56. 

Mathematics, 1. 

Matter, on the magnetic condition of, 20. 

M‘Coy (Frederick) on the plants of the New 
South Wales and Van Diemen’s Lund coal- 
fields, 64. 
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Radiant Heat, supplementary to a former Report on the same subject inserted in the first vo- 
lume of the Reports of the British Association for the Advancement of Science ;——James D. 
Forbes, Esq., Supplementary Report on Meteorology ;—W. Snow Harris, Esq., Report on 
Professor Whewell’s Anemometer, now in operation at Plymouth ;—Report on “‘ The Motics 
and Sounds of the Heart,” by the London Committee of the British Association, for 1839-40; 
—Profeseor Schdnbein, an Account of Researches in Electro-Chemistry ;—Robert Mallet, 
Esq., Second Report upon the Action of Air and Water, whether fresh or salt, clear or foul, 
and at various temperatures, upon Cast Iron, Wrought Iron, and Steel ;—Robert Were Foz, 
Esq., Report on some Observations on Subterranean Temperature ;—A. Follett Osler, Esq., 
Report on the Observations recorded during the years 1827, 1838, 1839 and 1840, by the 
Self-registering Anemometer erected at the Philosophical Institution, Birmingham >—Sir Dav:d 
Brewster, Report respecting the two Series of Hourly Meteorological Observations kept at In- 
verness and Kingussie, at the expense of the British Association, from Nov. Ist, 1838 to Nor. 
Ist, 1889 ;——William Thompson, Esq., Report on the Fauna of Ireland: Div. Vertebrate :— 
Charlies J. B. Williams, M.D., Report of Experiments on the Physiology of the Lungs and 
Alr-Tubes ;—Rev. J. 8. Henslow, Report of the Committee appointed to try Experiments oa 
the Preservation of Animal and Vegetable Substances. 

Together with the Transactions of the Sections, Mr. Murchison and Major Edward Sabine's 
Address, and Recommendations of the Aszociation and its Committees. 


PROCEEDINGS or tHe ELEVENTH MEETING, at Plymouth, 
1841, 9s. ° 


Contents :—Rev. Philip Kelland, on the Present State of our Theoretical and Experi- 
mental Knowledge of the Laws of Conduction of Heat ;—G. L. Roupell, M.D., Report oa 
Poisons ;—Mr. Bunt, Report on Discussions of Bristol Tides, under the direction of the Rev. 
W. Whewell ;—D. Ross, Report on the Discussions of Leith Tide Observations, under the di- 
rection of the Rev. W. Whewell ;—W. S. Harris, Esq., upon the working of Whewell’s Ane 
mometer at Plymouth during the past year ;—Report of a Committee appointed for the pur- 
pose of superintending the scientific co-operation of the British Association in the system of 
Simultaneous Observations fn Terrestrial Magnetism and Meteorology ;—Reports of Commit- 
tees appointed to provide Meteorological Instruments for the use of M. Agassiz and Mr. 
M‘Cord ;——Report of a Committee to superintend the reduction of Meteorological Observations ; 
—Report of s Committee for revising the Nomenclature of the Stars ;—Report of a Committee 
for obtaining Instruments and Registers to record Shocks of Earthquakes in Scotland and Ire- 
land ;—Report of a Committee for making experiments on the Preservation of Vegetative 
Powers in Seeds ;—Dr. Hodgkin, on Inquiries into the Races of Man ;—Report of the Com- 
mittee appointed to report how far the Desiderata in our knowledge of the Condition of the 
Upper Strata of the Atmosphere may be supplied by means of Ascents in Balloons or other- 
wise, to ascertain the probable expense of such Experiments, and to draw up Directions for 
Observers in such circumstances ;—Richard Owen, Esq., Report on British Fossil Reptiles ;— 
Reports on the Determination of the Mean Value of Railway Constants ;—Dionysius Lardner, 
LL.D., Second and concluding Report on the Determination of the Mean Value of Railway 
Constants ;—-Edward Woods, Report on Railway Constants ;—Report of a Committee on the 
Construction of a Constant Indicator for Steam-Engines. 
Together with the Transactions of the Sections, Prof. Whewell’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS or roe TWELFTH MEETING, at Manchester, 
1842, 7s. 


ConrTeEnts :-—Report of the Committee appointed to conduct the co-operation of the British 
Association in the System of Simultaneous Magnetical and Meteorological Observations ;— 
John Richardson, M.D., Report on the present State of the Ichthyology of New Zealand ;— 
W. Snow Harris, Report on the Progress of Meteorological Observations at Plymouth ;— 
Second Report of a Committee appointed to make Experiments on the Growth and Vitality 
of seeds ;—C. Vignolles, Esq., Report of the Committee on Railway Sections ;-—Report of the 
Committee for the Preservation of Animal and Vegetable Substances ;—Lyon Playfair, M.D., 
Abstract of Professor Liebig’s Report on “ Organic Chemistry applied to Physiology and Pa- 
thology ;""——Richard Owen, Esq., Report on the British Fossil Mammalia, Part I. ;~-Robert 
Hunt, Researches on the Influence of Light on the Germination of Seeds and the Growth of 
Plants ;——Louis Agassiz, Report on the Fossil Fishes of the Devonian System or Old Red 
Sandstone ;— William Fairbairn, Esq., Appendix to a Report on the Strength and other Pro- 
perties of Cast Iron obtained from the Hot and Cold Blast ;—-David Milne, Esq., Report of the 
Committee appointed at the Meeting of the British Association held at Plymouth in 1841, for 
registering Shocks of Earthquakes in Great Britain ;—Report of a Committee appointed at 
the Tenth Meeting of the Association for the Construction of a Constant Indicator for Steam- 
Engines, and for the determination of the Velocity of the Piston of the Self-acting Engine at 
different periods of the Stroke ;—J. S. Russell, Report of a Committee on the form of Ships; 
—Report of a Committee appointed “to consider of the rules by which the Nomenclature of 
Zoology may be established on a uniform and permanent basis ; "—Report of a Committee on 
the Vital Statistics of large Towns in Scotland; Provisional Reports, and Notices of Progress 
in Special Researchss entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Lord Francis Egerton’s Address, and Ree 
commendations of the Association and its Committees. 


PROCEEDINGS or tHe THIRTEENTH MEETING, at Cork, 
1843, 8s. 


# 

ConTENTs:—Robert Mallet, Esq., Third Report upon the Action of Air and Water, 
whether fresh or salt, clear or foul, and of Various Temperatures, upon Cast Iron, Wrought 
Iron and Steel ;—Report of the Committee appointed to conduct the co-operation of the 
British Association in the System of Simultaneous Magnetical and Meteorological Observa- 

‘tions ;—Sir J. F. W. Herschel, Bart., Report of the Committee appointed for the Reduction 
of Meteorological Observations ;—Report of the Committee appointed for Experiments on 
Steam- Engines ;—Report of the Committee appointed to continue their Experiments on the 
Vitality of Seeds ;—J. S. Russell, Esq., Report of a Series of Observations on the Tides of the 
Frith of Forth and the East Coast of Scotland ;—J. S. Russell, Esq., Notice of a Report of the 
Committee on the Form of Ships ;—J. Blake, Eeq., Report on the Physiological Action of Me- 
dicines ;—Report of the Committee appointed to print and circulate a Report on Zoological 
Nomenclature :—Report of the Committee appointed in 1842, for Registering the Shocks of 
Earthquakes, and making such Meteorological Observations as may appear to them desirable ; 
—Report of the Committee for conducting Experiments with Captive Balloons ;—Professor 
Wheatstone, Appendix to the Report ;—Report of the Committee for the Translation and 
Publication of Foreign Scientific Memoirs ;—-C. W. Peach, on the Hsbits of the Marine Tes- 
tacea ;—Edward Forbes, Esq., Report on the Mollusca and Radiata of the Egean Sea, and 
on their distribution, considered as bearing on Geology ;—M. Agassiz, Synoptical Table of 
British Fossil Fishes, arranged in the order of the Geological Formations ;—Richard Owen, 
Eaq., Report on the British Fossil Mammalia, Part II.;—E. W. Binney, Report on the ex- 
cavation made at the junction of the Lower New Red Sandstone with the Coal Measures at 
Collyhurst, near Manchester ;—-W. Thompson, Esq., Report on the Fauna of Ireland: Div. 
Invertebrata ;—Provisional Reports, and Notices of Progress in Special Researches entrusted 
to Committees and Individusls. ' 

Together with the Transactions of the Sections, Earl of Rosse’s Address, and Recommen- 
dations of the Associztion and its Committees. 


PROCEEDINGS or true FOURTEENTH MEETING, at York, 1844, 
13s. 4d. 


Contents :—W. B. Carpenter, M.D.,F.R.S.,on the Microscopic Structure of Shells;—Joshua 
Alder and Albany Hancock, Report on the British Nudibranchiate Moflusca ;—Robert Hunt, 
Researches on the Influence of Light on the Germination of Seeds and the Growth of Plants; 
—Report of a Committee appointed by the British Association in 1840, for revising the No- 
menclature of the Stars ;—Lieut.-Colonel Edward Sabine, R.A., F.R.S., on the Meteorology 
of Toronto in Canada ;—John Blackwall, F.L.S , Report into some recent researches into the 
Structure, Functions and CEconomy of the Araneidea made in Great Britain ;—the Earl of 
Rosse, on the Construction of large Reflecting Telescopes ;—the Rev. William Vernon Har- 


court, F.R.S., Report on a Gas Fornace for Experiments on Vitrifaction and other Applic:- 
tions of High Heat in the Labaratory ;—Report of the Committee for Registering Earthquake 
Shocks in Scotland ;—Report of a Committee appointed at the Tenth Meeting of the Asso- 
ciation for’ Experiments on Steam- Engines ;—Report of the Committee to investigate tbe Va- 
rieties of the Human Race ;—Fourth Report of a Committee appointed to continue their 
Experiments on the Vitality of Seeds ;— William Fairbairn, Esq., on the Consumption of Fuel 
and the prevention of Smoke ;—Francis Ronalds, Esq., F.R.S., Report concerning the Observs- 
tory of the British Association at Kew ;—Sixth Report of the Committee appointed to conduct 
the Co-operation of the British Association in the System of Simultaneous Magnetical and 
Meteorological Observations ;—Prof. Forchhammer on the influence of Fucoidal Piants upea 
the Formations of the Earth, on Metamorphism in genera), and particularly the Metamorphosn 
of the Scandinavian Alum Slate ;—H. E. Strickland, M.A., F.G.S., Report on the recent Pro- 
gress and present State of Ornithology ;—T. Oldham, Esq., M.R.LA., Report of Comaittre 
appointed to conduct Observations on Subterranean Temperature in Ireland ;——Prof Owes, 
F.R.S., Report on the Extinct Mammals of Australia, with descriptions of certain Fossils in- 
dicative of the former existence in that Continent of large Marsupial Representatives of the 
Order Pachydermata ;—-W. Snow Harris, Esq., F.R.S., Report on the working of Whewel: 
and Osler’s Anemometers at Plymouth, for the years 1841, 1842, 1843 ;-—W. R. Birt, Report oa 
Atmospheric Waves ;—L. Ayassiz, Report sur les Poissons Fossiles de |’ Argile de Londres, with 
translation ;—J. Scott Russell, Esq., M.A., F.R.S.E., Report on Waves ;—Provisional Report, 
and Notices of Progress in Special Researches entrusted to Committees and Individuals. 

. . Together with the Transactions of the Sections, Dean of Ely’s Address, and Recommends- 

tions of the Association and its Committees. 


PROCEEDINGS or tHe FIFTEENTH MEETING, at Cambridee, 
1845, 8s. 


ConTENTs :—Seventh Report of a Committee appointed to conduct the Co-operation of the 
British Association in the System of Simultaneous Magnetical and Meteorological Observa- 
tions ;—Lieut.-Col. Sabine, on some points in the Meteorology of Bombay ;—J. Blake, MB, 
Report on the Physiological Action of Medicinesg}-Dr. Von Boguslawski, on the Comet of 
1843 ;—R. Hunt, Esq., Report on the Actinograph ;—Prof. Schonbeln, on Ozone ;—Prof. 
Erman, on the Influence of Friction upon Thermo Electricity ;—Baron Seuftenberg, on the 
Self-Registering Meteorological Instruments employed in the Observatory at Senftenberg ;— 
W. R. Birt, Esq., Second Report on Atmospheric Waves ;—G. R. Porter, Esq., on the Pro- 
gress and Present Extent of Savings’ Banks in the United Kingdom ;—Prof. Bunsen, and Dr. 
Playfair, Report on the Gases evolved from Iron Furnaces, with reference to the Theory of 
Smelting of Iron ;—Dr. Richardson, Report on the Ichthyology of the Seas of China and Japac; 
—Report of the Committee on the Registration of Periodical Phenomena of Animals and 
Vegetables ;—Fifth Report of the Committee on the Vitality of Seeds ;—Appendix, &c. 

Together with the Transactions of the Sections, Sir J. F. W. Herschel’s Address, and Re- 
commendations of the Association and its Committees. 


PROCEEDINGS or tue SIXTEENTH MEETING, at Southampton, 
1846, 15s. 


Contents :—G. G. Stokes, M.A., Report on Recent Researches in Hydrodynamics — 
Sixth Report of the Committee on the Vitality of Seeds ;—Dr. Schunck, on the Colouring Mat- 
ters of Madder;-——J. Blake, M.B., On the Physiological Action of Medicines —R_ Hunt, 
Esq., Report on the Actinograph ;—R. Hunt, Esq., Notices on the Influence of Light on the 
Growth of Plants ;—R. L. Ellis, M.A., on the Recent Progress of Analysis ;—Prof. Forchham- 
mer, on Comparative Analytical Researches on Sea Water ;—A. Erman, on the Calculation 
of the Gaussian Constants for 1829 ;—G. R. Porter, F.R.S., on the Progress, present Amount, 
and probable future Condition of the Iron Manufacture in Great Britain ;——-W. R. Birt, Esq., 
Third Report on Atmospheric Waves ;—Prof. Owen, F.R.S., Report on the Archetype sod 
Homologies of the Vertebrate Skeleton ;—J. Phillips, F.R.S., on Anemometry ;—J. Percy, 
M.D., Report on the Crystalline Slags ;—-Addenda to Mr. Birt’s Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R. I. Murchison’s Address, and Re- 
commendations of the Association and its Committecs. 


LITHOGRAPHED SIGNATURES of the MEMBERS who met at Cambridge in 1838, 
with the Proceedings of the Public Meetings, 4to. Price 4s. (To Members, 3s.) 
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Plate X XI. 
Mr. WHITELAW’S MILL. 
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THE TURBINE AT ST. BLASIER, 


worked by a head of water of 108 metres=354 feet high, and driving the 
machinery of a Cotton-mill. 
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